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>The technique consists of defining the range delay as a sum of three terms of
which the first term involves integration over the refractive profile, whereas,
the other two terms are expressable in terms of parameters directly measured by
the radar, It also turns out that the integral of the first term can be accur-
ately evaluated using a "standard profile'" determined by the radar.

This technique was evaluated using 96 radiosonde profiles. Maximum range error
estimates were about 1.5 meters with typical values of less than 50 cm,
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EVALUATION
F30602-76~C-0384

1, This is the Final Report on the contract which over the period from
November 1976 to August 1977 investigated the feasibility of an adap-
tive technique for estimating the tropospheric range error of targets
with very low elevation angles, using radar as a sensor, The report
describes a technique, which is carried out in two phases, for obtain-
ing accurate adaptive range correction, The first is the calibration
procedure in which the radar obtains the refractive bending information
from tracking of cooperative targets whose positions are known accur-
ately, Second is the range correction procedure for noncooperative
target, Using the ''standard refractivity profile" which can be deter-
mined from the information obtained in the calibration phase, the range
error is expressed as the sum of a term which involves integration over
the refractivity profile and two terms which can be given in terms of
parameters directly measured by the radar and the surface reflectivity,
The technique was found to be capable of providing highly effective
range correction with accuracies of better than two meters all the way
down to the zero elevation angle if the radar is assumed to be capable
of angular accuracy of 0,1 milliradian,

2, The above work should be of considerable value since the accurate
determination of the range correction is a matter of vital military

interest in connection with the reliable operation of the radar and

cgmmunication systems of various types, i

- r
LMM;‘Z/JJ f
LARRY E, TELFORDY ! o
Project Engineer {4
Propagation Branch
Electromagnetic Sciences Division




SUMMARY OF IMPORTANT RESULTS

The adaptive tropospheric range correction technique
developed under this program is capable of providing highly
accurate radar range mecasurcments at all angles of elevations
down to grazing incidence.

The underlying concept is the utilization of
the radar as a sensor to measure refractive errors of coopera-
tive target such as navigational satellites whose true
positions are well known. The discrepancy between the true
and apparent elevation angle provides refractive information
necessary for range correction for noncooperative targets.

The range error is expressed as a sum of three terms
DR1, DR2 and DR3. DRZ and DR3 are completely defined in
terms of parameters measured directly by the radar. The
evaluation of DRl requires the knowledge of the refractive
profile which in general is not known. It turns out, however,
that DR1 can be accurately evaluated using an equivalent
"standard" profile which is completely defined in terms of
the measured value of surface refractivity and the measured
value of refractive bending at elevation angle of 20 milli-
radians which is known from refractive calibration with
cooperative satellites.

This technique was evaluated using 96 randomly chosen
radiosonde profiles from Eglin AFB. Only three out of the
96 cases had errors exceeding one meter with the maximum value
of 1.53 meter. Over 85% of error fell between -24 and +74 cnm.
with over 1/3 of error less than 50 cm. An error analysis
indicates that an additional error of 40 cm. may be expected

due to the stipulated angular accuracy of the radar of 0.1 mr.




The conclusion is that the technique described in
this report is capable of providing highly effective tropo-
spheric radar range correction with typical accuracies of
better than two meters at very low elevation angles where
tropospheric range delays are typically on the order of 100
meters and may on occasions reach several hundred meters in
the presence of strong refractive gradients.
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FOREWORD

This is the Final Report under Contract No. F30602-76-
C-0384. The Teledyne Micronetics Program Manager was Dr.
Steven Weisbrod, Other contributors to this effort were
f??;j;?iyggggg_and Philip A. Hicks. The program was admin-
istered by Dr. Edward E. Altshuler, RADC/EEP, Hanscom AFB,

MA. 01731.7

Special thanks are due to Dr. Koichi Mano of RADC/EEP
for his careful review of theoretical derivations, and to
Mr. Larry E. Telford, also of RADC/EEP, for his cooperation
in making available to us the Eglin Air Force Base profiles
which were used for the evaluation of this technique.
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1.0 INTRODUCTION

1.1 Background Information

The purpose of this effort was to devise an adaptive
technique for tropospheric range corrections accurate to
within six feet using the radar itself as a sensor. The
standard techniques, which are based on the observed values
of surface refractivity, work fairly well at elevation angles
above two or three degrees but can lead to large errors at
lower elevation angles, particularly if there should exist
a strong refractive gradient,

For the purpose of this effort, it was assumed that the
radar is a fairly large ground based state-of-the-art instrument
capable of tracking targets with an apparent angular accuracy
of about 0.1 mr. and range of one or two meters. It was also
assumed that the radar could track cooperative satellites
either in the passive or active mode and that the true position
of the satellites was known to within 100 meters.

The approach which was selected for the study stipulates
that the radar would routinely track cooperative satellites
so that the refractive bending of the troposphere would be
known at the time when a non-cooperative target was to be
tracked. We also assumed that the ionospheric refractive
effects were either negligible or that an adequate correction
could be made from top and bottom ionosonde data to correct
for satellite position. Another assumption in this study was
that the uncooperative target was above the troposphere but
below the ionosphere. We believe that the technique described
in this paper can be extended to targets within the troposphere
but this has not yet been done.

e
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1.2 General Description of the Approach i

A study of a large number of refractive profiles by f
the National Bureau of Standards* had indicated that refractive
profiles above one kilometer may be represented by two exponen-
tial profiles: one that starts with the value of refractivity !
of N, at one kilometer above the surface and decreases to
N = 105 at 9 Km, and the second which starts at 9 Km with
N = 105 and decreases to N = 1 at 39 Km. Above 39 Km, we
assumed that refractive effects are negligible,.

It turns out that the range crror DR may be represented
as a sum of three terms:

DR = DRl + DRZ + DR3

The terms DRZ and DR3 are expressed in terms of parameters
which are directly measureable by the radar and do not require
any information on the profile structure. The term DRl is an
integral over the profile but fortunately it is quite insen-
sitive to the details of the structure.

The way we handled the evaluation of DRl was to assume
that the profile had a linear decrease from a known surface
value of No to some as yet unspecified value of N1 at one
kilometer above the surface and then exponentially decreased
to 105 N units at 9 Km and to 1 N unit at 39 Km. This equivalent
profile, which we called the "standard profile", was therefore
uniquely defined in terms of No and Nl'

* B.R. Bean and E. J. Dutton, '"Radio Meteorology', NBS Monograph
92, March 1966, pp. 59-68.
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In order to define the correct procedure to identify
the effective value of N1 from observed refractive bending
of cooperative satellites to be used in standard profile, we
resorted to an extensive computer study of various refractive
profile models representing the full range of reasonable values
of No» Ny and refractive gradients in the first kilometer above
the surface. It scon became apparent that if we matched the
value of refractive bending, y, computed from the model at an
elevation angle B, anywhere between 10 and 30 milliradians, with the

angle Bo anywhere between 10 and 30 milliradians, with the
corresponding value of y from the standard profile with the
same value of N0 as the model, that particular standard profile
would give excellent values of DRl over all values of Bo all
the way down to grazing incidence. It is interesting to note
that the effective value of N, as determined from the standard
profile frequently differed considerably from the "true"

value of N1 as defined by the model. Strong gradients near
the surface tended to lower the effective value of N1 while
elevated gradients tended to increase it. Nevertheless, the
computed DR1 using the effective value of N1 gave excellent
results.

Since there appears to be no critical dependence on the
choice of Bo, we selected Bo = 20 mr. as the "reference value"
of Bo at which y would be measured operationally to define
the equivalent Nl'

To facilitate the computation of the effective value of
N;», we computed y for 160 standard profiles representing the
full range of No and N1 values. We then used least square
polynomial fit to express N1 as a function of measured No
and y at Bo = 20 mr.

The crucial test of this technique was made using 96
representative radiosonde profiles taken at Eglin AFB over one
year. The range delays computed from the actual profiles




were compared with those using the standard profile based
on the computed value of Yy at 20 mr. ‘the result showed
typical differences of less than 50 cm. with only one
case under ducting conditions where the difference was
about 1.5 meters.

We can, therefore, conclude that the use of an equiva-
lent standard profile to compute DRl and the use of observed
values to compute DRZ2 and DR3 provide a highly effective
method to correct radar tropospheric range errors to within
one or two meters down to zero elevation angle.

11




2.0 THEORY

2.1 Basic Equations

DR =

where DR1

DR2

DR3

DR1 + DRZ + DR3

p=Pp
% -6
N(p) d (p sir B) x 10
p=p
N x 10°° B
YN, P, €S B,
(A + B) p, cOs Bo
(az tan B, - 52 tan B )/2
ik (o)
(a° + 6°)/6 - N, o x 10°°

refractive profile

distance from the earth's center
local elevation angle of the ray.
Subscripts o and T will be used to
express the values of p and B at
the surface and at the target
refractive bending

surface refractivity
refractive error
Yy - ¢

0 at astronomical distances

In this section, we will give the overview of
theoretical results. In order to make this section more

readable, we delegated mathematical details to appendices.

In Appendix A, it is shown that the range error
DR may be expressed as a sum of three terms

2-1

2-2

bl b e




Figure 1 in Appendix A illustrates the geometry of
refractive effects.

DR1 is the dominant contribution to DR. Its value varies
typically from about 80 meters at Bo= 0 to about 30 meters at
B, = 50 mr. It is the only term whose value directly depends
on the shape of the refractive profile. It turns out that it
is relatively insensitive to the profile structure and it can
be accurately determined using the '"standard" profile described

in Section 1.2.

Terms DR2 and DR3 are expressable in terms of parameters
which are presumably available at the radar site as a result
of routine tracking of cooperative satellites and measurements
of No' For transtroposphericdistances, DR2 is independent of
range but DR3, which is a function of §, depends on the target
range. Typical values of DR2 range from about 30 meters at
B, = 0 to about 10 meters at Bo = 50 mr. Values of DR3
nominally range from near 0 at Bo = 0 to a minimum of about
-5 meters at Bo= 20 mr. and gradually increase to 0 with the
increasing 80. However, in the presence of strong gradients,
value DR3 may acquire a large positive value near Bo = 0 and
may become the dominant term at grazing incidence.

2.2 Evaluation of DR1

In general, DRl cannot be evaluated in closed form. A
convenient way is to represent the profile in terms of a number
of linear segments and perform the integration piecewise.

In Appendix B, it is shown that DRl is given by

DRl L Fl + FZ 2'3

where F1 = -N_o»p

o sin Bo 2-4

(o)

13




. 2 -6
kg R Gy eRss, A4 R
= i+

M = number of "significant" heights at which
values of N are defined

Ai = sin Bj cos Bi

B. = sin Bi cos Bj

In evaluating DR1, we utilized the "standard'" profile
which was defined in terms of measured value of No and an
effective value N1 the value of N at 1 kilometer height.

The '"standard" profile is represented as follows:

N(h) = Nj - DN:h 0 <h<1Kn (2-6)

= N1 exp(al(h-l)) 1 <h <9 Km
= 105 exp(az(h-Q)) 9 <h < 39 Km
= 0 h > 39 Km

DN = N, - Ny

a, = ln(lOS/Nl)/8

a, = - «155132

14
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In this study, we assumed that the surface value was

essentially at sea level. For elevated locations N, is defined

as the value of N at one kilometer above the local gurface.
Values of Ng and ng remain 105 and 1 N units respectively and
represent values at 9 and 39 Km above sea level. Consequently,
for elevated locations, the standard profile will need to be

redefined accordingly.

In evaluating DRl using standard profiles, we incremented
heights in 1 Km steps from 0 to 9 Km and in 3 Km steps from
9 to 39 Km.

2.3 Evaluation of Effective N

Evaluation of N; is performed semiempirically. First,
we generated 160 standard profiles with values of N0 ranging
from 250 to 400 in increments of 10 and DN (DN = s N1)<from
-20 +170 also in increments of 10. Then for different values
of Bo ranging from Bo = 5 mr. to 30 mr. in steps of 5 mr. we
computed Y. In Appendix B, it is shown that

M-1 -6
(N. - N.) x 10
& 1 J 2-7
Y ZE tan Bi + tan B, ¢ )
i=o J
where J =3 ]
and M = number of significant heights in the profile

(For the standard profile M = 20)




Since the object here was to estimate N; from the observed
value of refractive bending Y at some apparent elevation angle
B, » we used the computed values of y to set up a fifth order
Least Square Polynomial in the form

5
DN = ZZ By toEH, - 300)J (2-8)

5
1]

for a selected value of BO

Using test profiles, we experimented with different values
of B, and concluded that while the apparent values of N; will
vary slightly with Bo the final results in computing DRl were
very good over the range of 8o from 10 to 30 mr. with the
overall results probably best in the vicinity of Bo =20 mry We,
therefore, selected Bo = 20 mr. as the elevation angle at which
Y shculd be measured to obtain the effective value of N

Table I gives values of y for various values of No and
DN. Table 2 gives fifth order least square coefficients
of DN (y) for various values of No' Table 3 gives fifth order
least square coefficients for the coefficients of DN (y) as a
function of No’

It is this last set of coefficients which is actually
used to compute DN for arbitrary values of N, and v at Bo = 20 mr.




To use these coefficients we proceed as follows. Using
the measured value of No' we compute a the ith power '

i »
‘ coefficient
‘ :
< " j . : g
- a; :E: bij (N, - 300) (N, in N units) (2-9) |
i=0

where bij are the tabulated values in Table 3. The value of

i is shown at the top of each group.

Using computed values of a;, we next compute DN

5
DN = ) a vl (v innr.) : (2-10)
- .
and N1 = No - DN |

Once N1 is defined, we compute DR1 as explained in
Section 2.2.




TABLE 1

Values of y in the Standard Profile
for Various Combinations of N0 and DR
at the Elevation Angle of 20 mr.

§ GAMMA FOR B@=20 MR.
| DNiNo 252 260 272 280 290 300 310 320

-20 S.00 $5¢29 S57 S.86 6.16 645 675 7.25
-10 Sel? S5e¢46 Se«74 6.03 633 662 6.92 T.22
") S«34 5463 592 6.21 650 - 6.80 7.09 739
10 $¢52 Se81 6.10 639 668 6.98 T.27 757
20 S.71 S99 6.28 657 6.87 716 T.46 776
30 ' 5.90 619 647 6.76 7.86 T35 765 795
40 6.10 6.38 667 696 7.25 755 7.85 8.15
50 630 659 6.87 7.16 T7¢46 7.75 8.05 8.35
60 652 6.80 7.09 7.38 767 7.96 8.26 B.56
70 674 732 730 759 7.89 8.18 8.48 8.78
80 696 725 7.53 7.82 Be11 8¢41 8.71 9.01
90 7.20 748 Te77 8.06 835 8.64 8.94 9.24
100 745 773 8.01 830 859 8.89 9.18 9.48
110 T70 7.98 827 855 8.85 9.14 9.44 9.74
| 120 797 8.25 8453 882 9.11 Q.40 9.70 10.90
| 130 8.26 853 8.81 9.10 9.39 9.68 9.98 10.28
i 140 855 8.83 9.10 9.39 9.68 997 102.26 108.56
150 8.86 913 9.41 9.69 998 10.27 10.57 10.86
160 9.19 946 9.73 10.01 1030 10.59 10.88 11.18
% 170 954 9.80 10.07 1035 10.63 10.92 11.21 11.51
DNiNO@ 330 340 350 360 370 380 390 400
-29 735 766 7.96 8.28 859 8.90 9.22 954
-10 752 7.83 8.14 845 8.76 9.08 940 9.72
") 770 8.00 8.31 8.62 8+.94 9.25 957 9.89
10 7.88 8.18 B.49 8.80 9.12 9¢43 9.75 10.08
20 8.06 8.37 8.68 8.99 9.30 9.62 9.94 1027
30 8.25 8456 B.87 9.18 9.50 9.82 1014 12.46 ‘
42 8.45 8.76 9.07 9.38 9.70 10.01 1034 1066
S0 .66 8.96 9.27 9.59 9.90 10.22 1054 10.87
60 8.87 9.17 948 9.808 10.11 1043 1075 11.08
70 9.09 9.39 9.72 10.02 1033 10.65 1097 1130
8o 9.31 9.62 9.93 10.24 10.56 10.88 11.20 1153
90 9455 985 10.16 1048 1079 11611 11e44 1176
100 9.79 10.10 10.41 10.72 11.04 1136 11.68 12.01
110 1004 1035 10.66 1097 1129 1161 1194 1226
120 1031 1061 10.92 1124 1155 11.88 12.20 1253
130 1058 10.89 1120 11.51 11.83 1215 1247 12.80
{gg }?'?; ::Ol; 1148 11.80 1212 1244 1276 13.09
. o4 1178 12.1 1242 o 74 . .
160 1148 1179 210 l%o“? 1273 {3005 {gigg }g.%g
170 11.81 12.12 12443 1274 13.06 13.38 1370 14.03
—




—

LSCIN®

w LN -—-a

(o

L

NVSPWN=3 WUV VBWLWN -8

L

(T NARCE NN

CiNO
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CiNO

250
=4.99219E
1 «44470E
=1.28397E
7+45308E
=2¢67714E
4.33828E

290
-6+76816E
1+74424E
-1.53093E
8.64788E
=2+97179E
4.65464E

330
=-8+92564E
2¢09429E
=1.79672E
9.68828E
=3«09986E
4+45309E

370
-1.153S8E
2.50259%
~2.086956E
1.06851E
=3.17581E
4.17391E

TABLE 2
Fifth Order Least Square Coefficients
for Nl as a Function of y at Bo = 20 mr.

at Specified Values of N0

LEAST SQUARE COEFFICIENTS

DN(GIM) FOR BO=20 iMR.

260
=5.40413E
1.51543E
=134488E
7+7B459E
=2+78B467E
4+.53891E

300
=7+26906E
1.82665E
=1+59516E
8+9140@8E
-3.01126E
4.62123E

340
=9.53281E
2.19065E
=1.86694E
9+94043E
=3.12233E
4.3B574E

380

~1.22683E -

2.61458E
=2.16353E
1.09307E
=3.19821E
4.10316E

R SN P |
EN =N

19

270
-5.83673E
1.58879E
=1+40603E
8.08791E
=2.86333E
4.6329SE

310
=T +79489E
1.91239E
-1.66085E
9.17567E
~3+.04506E
4+57360E

350
~1.01695E
2.29080E
-1.93881E
1.01914E
=3.14272E
4¢31703E

390
=130344E
2.73329E
=224092E
111681E
=-3.20013E
4.02761E

2
2
1
-1
-2
-4

280
~6.29105E
1.66499E
=146792E
8¢37339E
=2.92351E
4.66294E

320
=8+34673E
2.00159E
=1.72805E
'943375E
=3+07444E
4.51672E

J60
-1.08368E
2+3947SE
=2+01215E
1.04396E
=3+ 16045E
424614E

400
-1.38368EE
2.35044E
=2+32026E
1.14975E
=3.21020E
3¢95565&

d




TABLE 3

Fifth Order Least Square Coefficients to

Compute Coefficients of DN(y) Polynomials

for Arbitrary Values of (NO - 300)

LEAST SQUARE

COEFFICIENTS FOR No

LSCiPWR 2 1 2
] =-7.26987E 2 1.82666E 2 ~1.59S19E |
| “5.13179E @ B.40S512E -1 =6.49246E -2
2 =1¢24504E -2 1¢65941E =3 <-7.87408E -5
3 =1e81910E =5 2.19383E -6 =2.02312E -7
4 “8+33619E =9 =6.25539E ~9 2.34014E -9
5 -6+06875E~-12 1:62758E-11 =-8.22828E-12

LSC:PWR 3 4 5
[} 8+91445E =1 =3.01158E ~2 4.62237E -4
| 2463066E =3 =3.57379E ~5 =-4+43082E =7
2 =2¢565Q7E =6 2.98847E ~7 ~7.44401E -9
3 3.85820E -8 -3.88042E -9 150317&-10
q “4+4)78B2E=19  4+22632E-1] =1.79153E-)2
5 1e74875E=12 =1+74939E-13 7.20707E-15

E
-l

F

Note: The above set of coefficients was obtained by the
least square fit of the corresponding power coefficients
in Table 2 with (No - 300) as the dependent variable.
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2.4 Evaluation of DR2 and DR3

Evaluation of DR2 poses no problem since Y is a known
function of 86 which has been established through cooperative
satellite observations.

v -6 9.1
DR2 Y N, x 10°° p, cos B (2-11)

Evaluation of DR3 is somewhat more involved since it
is also a function of refractive bending error, 6 , which is
not directly known. & can be readily computed by a very
rapidly converging iterative procedure from the measured
values of Bo, Yy and range R.

The procedure is as follows:

Set the initial value of § equal to Yy, which is the
correct value at astronomical distances. Next estimate
the great circle distance 6 using

R cos (Bo - 6) (2-12)
sin 8 = ol
(poz + R® + 2R b, sin (8, - §))1/¢

Using the estimated value of 6, compute a new value of §
from

§ = B, + arc tan ((A + B/tan 8)/n ) (2-13)

>
]

sin y - tan Bo cos Y

o

o
"

tan Bo sin y - No x 10

$ -6
n 1 + No x 10
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Using the updated value of &, repeat the last two
steps. It has been found that two iterations are sufficient

to compute 8§ to within a few microradians and the value of

DR3 to within one centimeter even under near ducting conditions

where DR3 may be hundreds of meters,

DR3 = (A + B) Py COS Bo

2

where A = (az tan B - §” tan so)/z

= («®+6%/6 - N, ax 107"
= 'Y-G

All angles are in radians.

Derivation of above equations are detailed

(2-14)

in Appendix C.
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3.0 ANALYSIS OF RADIOSONDE DATA

I 3.1 Description of Experimental Data |

Theoretical procedures for range correction were checked
using randomly selected radiosonde data from Eglin AFB in
Florida. The data consisted of eight day and night samples
taken during the first five days of each month over a period
E of one year. Five of the 96 samples represented ducting
conditions.

_ Since only a few of the radiosonde profiles reached the

L height of 39 Km, it was necessary to augment those profiles |
which did not reach the 39 Km height by adding additional

data points. This was done by taking the last measured value

and appending to it an exponential decrease of refractivity
which decayed to the value of N = 1.0 at 39 Km. It should
be noted that the estimated value of N at 39 Km from the
profiles which exceeded 39 Km and six more which exceeded
38.3 Km was 1.05 + .07 N units. This verifies that the
assumed value of N = 1.0 at 39 Km was valid. The bias in
the estimated value of DR1 using N at 39 Km of 1.00 rather
than 1.05 varies from about -5 cm. at Bo =0 to -3 cm. at

Bo = 50 mr. for value of DN of 100.

3.2 Results of Computer Analysis

For the purpose of the computer analysis, it was assumed
that the radar would measure the same y(Bo) as would be computed

from the observed radiosonde profile. The "measured" value
of y at Bo = 20 mr. was then used to obtain the effective
value of Ny which in turn defined the equivalent profile
that was used to compute DR1. Since DR2 and DR3 are defined
in terms of parameters measured directly by the radar and
are not explicit functions of the profile, the range error
was then defined as the difference cetween the '"true'" value

v
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of DRl computed from the measured radiosonde profile and

the estimated value of DR1 computed from the '"standard"
profile based on the effective value of N;. These compu-
tations were carried out exactly as described in Section 2,0.

Results of the computer analysis of the 96 profiles
are tabulated in Appendix D. These profiles are arranged
in 8 groups of 12 representing each month of the year. The
eight profiles of each group represent samples taken during
the first five days of the month. Half of these samples
were taken at noon and the other half at midnight. The
profiles are labeled by day, month, hour, number of points
in the profile.

Since the following discussion is based on that data,
the reader is advised to thumb through this appendix in order
to gain some familiarity with the various parameters. The
format explanation of the computer printout is given at the
beginning of the appendix.

The parameter which is of main interest is the range
error, tabulated in the last column. Perusal of the computer
results show that the typical value of the error is less than
50 cm. Only three out of 96 profiles had errors exceeding
100 cm. with the maximum value of 153 cm.

It will also be noticed that these errors in general
do not appear to be a strong function of the elevation angle
over the range from 0 to 50 mr. Table 4 shows the distribution
of errors for the various values of B,. The last column
labeled "Av" is the error averaged over the elevation angles
from 0 to 50 mr.

Examination of Table 4 shows that over 85% of errors
lie between -24 and +74 cm. with over 1/3 of errors between
25 and 49 cm. This positive bias is partly due to the fact




TABLE 4

ELEVATION ANGLE B  IN MR.

ERROR DISTRIBUTION TABLE

| Range Error - Cm. 0 10 20 30 40 50 Av*
i
1
'1 -74 to -50 0 0 3 3 0 0 0
| -49 to -25 2 8 6 6 8 5 7
-24 to -0 7 11 18 i 10 9 10
| 0 to 24 24 21 19 a8 23 2R 24
25 to 49 43 39 32 34 38 38 38
50 to 74 13 13 13 13 12 12 12
75 to 99 2 2 2 3 3 2 3
100 to 124 0 1 2 1 1 2 1
125 to 150 0 1** 2 1 1 0 .|
Total 91*** 96 96 96 96 96 96
* "Av'" jis the value of the range error averaged over all values

of Bo from 0 to 50 mr.

** The actual value of this point was 153 cm. and it represents

the maximum error that was observed.

WRS At B, = 0 five profiles showed ducting.
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that at 39 Km we used the vaiue of N of 1.0 rather than 1.1.
If we used the value of 1.1, there would be an increase in the
estimated value of DR1 of about 10 cm. which would remove

a substantial portion of the bias.

Comparison of profiles 4APR0051 and 5MAY0055 is of special
interest. The values of surface refractivity for the two
profiles are 313.3 and 313.4 and the range delays at B, = 0 mr.
differ by more than 100 meters. The difference in DRIl is
only about 3 meters and it is pretty well corrected by the
slight difference in observed Y at 20 mr. The main contributions
to the large discrepancy of the range error are DR2 and DR3
terms which are functions of the parameters which are directly
observable at the radar site. A more detailed analysis of
the profile structure showed that the profile 4APR00S1 had a
surface refractive gradient of 152 N units/Km. (157 will cause
ducting). This near ducting condition manifests itself with
a large increase of Y at Bo = 0 mr. but not at Bo = 20 mr.
which is used to define the standard profile and DR1. Thus,
we can conclude that the major contributions to the total
range under near ducting conditions will come from DR2 and
DR3 and, therefore, this technique should provide excellent
corrections even under those conditions.

3.3 Error Sensitivity

This technique of range error correction is based on the
stipulation that the radar is capable of providing angular
information accurate to within 0.1 mr. A computer analysis
was therefore carried out to estimate what would happen if an
error of 0.1 mr. is introduced in Y.

An increase of 0.1 mr. in the reference value of Y at
Bo = 20 mr. will cause an increase in the value of apparent
N1 of about 4 N units. This will cause decrease in the
estimated value of DR1 of about 80 cm. at B, = 0 and about
25 cm. at B, = 50 mr. A corresponding increase of 0.1 mr.
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in the observed value of Yy will cause an increase in the sum
of DR2 and DR3 of about 40 cm. at Bo = 0 and about 15 cm. at
eo = 50 mr. The net error increase is, therefore, about

40 cm. at IR 0 and about 10 cm. at g, = 50 mr.

Since the observed maximum error was about 1.5 meters,
we can conclude that the uncertainty of + 0.1 mr. in the

observed value of y may push the maximum error to about
2 meters.




4.0 OPERATIONAL PROCEDURES FOR RANGE ERROR CORRECTION

4.1 General Description of Operational Procedure

It is envisioned that the operational procedure will
be divided into two phases, calibration and target tracking,
which would be carried out alternately. During the calibration
phase, the radar will routinely track cooperative satellites
to obtain the best updated information on the structure of
the troposphere around the radar. In the tracking phase, the
radar will track an uncooperative target and using the infor-
mation from the calibration phase will make the best estimate
of the range error.

If real time correction is required, the calibration
phase must precede the tracking phase. However, if the range
correction is not required in real time, the calibration phase
could be made before or after, or both, to get the best
estimate of the tropospheric structure closest to the time
when observations on the target were made.

4.2 Calibration With Cooperative Satellites

The following information will be required for calibration:

1, Real-time monitoring of surface refractivity

2. Computer with stored library of suitable cooperative
satellites with updated ephemerides.

3. Time reference to coordinate satellite position with

radar observations.

4. Table of the 36 coefficients to define the standard

profile in terms of measured N,and yat B = 20 mr.
(See Section 2.3).
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The calibration procedure will be as follows: '.

1. Compute the great circle distance 8 between the radar
and the subsatellite point using the Law of Cosines

Cos 8 = cos Al cos AZ + sin Al sin AZ cos ¢
where Al’ AZ are colatitudes of the two points and

¢ is the difference in longitudes.

An alternate form of the Law of Cosines which would
avoid possible computer round off errors caused by .

working with cosines of small angles is

sin® (8/2) = sin? ((A;-2,)/2) + sin A| sin A, sin? (¢/2)

2. Compute BT from Snell's Law

n, P, cos Bo = N pT cos BT

(See Section 2.2 or Appendix A for explanation of
symbols).

Here again, the round off errors can be minimized H
by using an alternate form of Snell's Law

tan® (B1/2) = (S + Q/(1 - $+Q)

where S = sin2 (8,72)

Q= (H-p, (N - Np) x10°%/2n_ o

H = height of the satellite




out routinely before and after uncooperative target tracking
and will be used to provide the best real time definition of

Compute y from the relationship

¥ v Bt 0 - Br
Define y as a function of Bo by tracking satellites
over the entire range of Bo of interest.

Using best estimate of y at Bo = 20, compute DN

using the 36 coefficients as described in Section 2.3
and define the standard profile which will be used to
compute DR1.

This calibrating procedure will presumably be carried

the standard profile.

4.3

Range Correction Procedures

Range correction of non-cooperative targets will be

carried out as follows:

1.

From observed value of Bo and the standard profile,
compute DR1 as outlined in Section 2.2.

Using known value of y from the measured value of
Bo, compute DR2 as shown in Section 2.4.

Using measured value of range R and the assumed value

of refractive error 6§ equal to the value of y as defined
by the measured value of the apparent elevation angle Bo?
compute angular distance 0 using Eq. 2-12 in Section 2.4.
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Obtain an updated value of Susing Eq. 2-12 and repeat
this procedure getting an updated value of 8 from Eq.
2-12 and a new and final value of § using Eq. 2-13.
Using this final value of &, evaluate DR3 using Eq.
2-14 as described in Section 2.4.

Compute range error DR from
DR = DR1 + DRZ + DR3.

As a final refinement, we could use the corrected value
of range R decreased by the calculated value of DR to
recalculate DR3 as indicated in Steps 3 and 4. In ex-
treme situations, where DR is several hundred meters,
this step may change the value of § by a few tens of
microradians and the value of DR3 by a few tens of
centimeters.
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2:0 EXTENSIONS OF THE RANGE ERROR TECHNIQUES

5.1 Present Limitations

The study which was performed here assumed that the
radar was at sea level, the target height was above the
troposphere and that the frequency was sufficiently high so
that the ionospheric effects were negligible. It is reasonable
to speculate that these constraints are not necessary and that
the technique could be extended accordingly.

In the following subsections, procedures will be described
which should lead to the removal of these constraints. However,
it should also be emphasized that before such procedures are
adapted, their validity should be verified through computer
simulation studies.

5.2 Extension to Higher Site Altitudes

The National Bureau of Standards' study indicates that
the standard atmosphere concept is valid if the value of Ny
is redefined as the value of refractivity at one kilometer
above the surface. However, values of N at 9 Km and 39 Km
are referenced to the height above sea level. Consequently,
this technique should work satisfactorily if the standard
atmosphere for evaluation of DRl is defined accordingly.

The main change would be in the values of the 36 coefficients
which are used to compute DN in terms of observed Ng and ¥y
at eo = 20 mr.

5.3 Extensions to Target Heights in the Troposphere

It should be possible to extend this technique to target
heights well within the troposphere and probably all the way
down to one kilometer above the surface. The procedure would
be essentially the same. Using observed y at By o 20 mr.,
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we define effective N, which in turn defines the standard
profile. The integration of DRl would be performed to the
observed height of the target. The term F, (Eq. (2-4), Section
2.2) of DR1 would need to be modified by the addition of Ny *
sin BT since NT would no longer be equal to zero. The values
of DR2 and DR3 would be modified by using values of y(Bo)
which are reduced by the contribution to y between the target

height and the top of the troposphere as defined by Eq. (2-7),
Section 2.3,

5.4 Ionospheric Correction

It is assumed that the targets are above the troposphere
but below the ionosphere. Consequently, the ionospheric
refraction would enter only in measuring y on transionospheric
cooperative targets. At frequencies above 100 MHz, the
Appleton-Hartree equation may be simplified to define the
ionospheric refractivity as

2 6
Ni e (fp/f) x 107/2

where f = signal frequency
and fp = plasma frequency
- 2 1/2
(Ne e”/m eo) /2m

N, = electron density per cubic meter

e = electron charge

« 1.6 x 10" coulonbs

m = electron mass
31

= 9.1 x 10 °" kg
€. " permittivity of free space
= 8.854 x 10" 1% farads/meter
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Since the ionospheric refractive bending at microwave
frequencies is very small and inversely proportional to
the square of frequency, an adequate correction, if neccessary,
could be obtained from the bottom and top side ionosonde data
in the general vicinity of the radar site.

The procedure for y is identical to that for y in the
troposphere except it should be noted that the ionospheric
refractivity, Nj, is a negative number. The ionospheric ¥y
can then be subtracted from the total to obtain the y for
the troposphere®*.

*For more complete discussion of ionospheric refractivity,
see "Simple Methods for Computing Tropospheric and Iono-
spheric Effects on Radio Waves" gy S. Weisbrod and L.J.
Anderson, Proceedings of the IRE, October 1959, pp 1770-1777.
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6.0 CONCLUSIONS

The concept of breaking up the range error into three
terms DR1, DRZ and DR3 of which only DR1 is dependent on
the profile structure but relatively insensitive to the
details of the profile structure has been demonstrated to
provide a very effective range correction. The effective
value of N1 as deduced at Bo = 20 mr. sometimes differs

considerably from the true value of N, but because of certain

self-compensating features between thé observed y at 20 mr.
and effective value of Nl’ the standard profile defined by

No and the effective value of N1 gives highly accurate values
of DR1. Over 95% of errors were less than one meter and the
maximum observed error was about 1.5 meters. Since DR2 and
DR3 are evaluated in terms of parameters measured directly

by the radar, which was assumed to provide assumed accuracy
of 0.1 mr., the total error in range is essentially equal

to the error in estimating DR1 from the standard profile.

The distribution of errors showed a positive bias of
about 25 centimeters. A substantial portion of this bias
can be attributed to the assumed value of N = 1,0 at 39 Km
in the standard profile. Experimental data indicates that
the value of 1.1 would have been a better choice and the
value of 1.2 would tend to give values of N between 9 and
20 Km, which were more representative of observed values at
these heights. We, therefore, believe that the value of
N =1.2 at 39 Km would distribute the observed errors more
nearly around zero and in effect would cause virtually all
errors to be less than one meter.
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Under near ducting conditions, the main increase in the
range delay is due to terms DRZ and DR3. The standard profile
continues to provide excellent estimates of DRl and, therefore,
this technique has been demonstrated to provide high accuracy
all the way to the grazing incidence even under near ducting
conditions.

We can, therefore, conclude that if the radar is capable
of angular accuracy of 0.1 mr., the technique developed in
this program will provide range accuracies of better than
two meters all the way down to the zero elevation angle.




7.0 RECOMMENDAT IONS

The technique for the range correction has been estimated
at sea level stations and for assumed target heights above
troposphere. We have reasons to believe that similar techniques
will be applicable to radar sites at higher elevations and to
target heights within the troposphere.

We would, therefore, recommend that additional studies
using radiosonde data from other locations be carried out
and computer evaluations be made for target heights in the
lower troposphere.

This technique should also be extendable for targets
within or above the ionosphere at UHF and lower microwave
frequencies where ionospheric retardation will be significant.
The extension of this technique to ionospheric retardation
should be investigated.

Consideration should also be given to an experimental

verification of this technique. A possible approach would be

to use a radar at Eglin AFB in Florida and a radiosonde balloon
could be launched off Florida Keys and the tracking could be
done through multilateration from nearby sites in Southwestern
Florida. Since the tracking would be done at high elevation
angles, adequate tropospheric corrections could be made from

the available radiosonde data and surface measurements. Optical
tracking could be utilized to increase the tracking accuracy.
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APPENDIX A
RANGE ERROR FORMULATION

The fundamental expression for the range error, DR,

DR = /ndS -f dSo (A-1)

S S0

is

where n is the index of refraction and S and S0 are the true
(refracted) and geometric (straight line) paths respectively
as shown in Figure 1. A trivial rearrangement of equation (A-1)

S S
0

where N = (n-1) X 10’6. This form separates the range error
into a refractive term and a geometric term (in brackets). The
refractive term is dominant but the geometric term represents

a significant contribution at low angles and cannot be neglected.

Both equations A-1 and A-2 involve the difference of
large nearly equal numbers and are therefore not well suited to
numerical evaluation. An alternative form can be derived in
the following fashion. We will use Snell's law for spherically
stratified media and the Law of Sines

np cos B = constant (A-3)
p cos n = constant (A-4)
38
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Figure 1. Path Geometry for Refracted and
Unrefracted Rays.




given by

Proof:

Symbols are defined in Figure 1. The subscript o

denotes the surface values at the receiver and subscript T
denotes the corresponding values at the target.

The following relationships can be readily

established
§ = refractive error = B, - N, A-5
y = refractive bending = ngp - B + 6
§ = great circle distance
=ﬂT‘T‘I°
Bl =Byt X

We will first show that the unrefracted path S is

sin n A-6
o

T

T
So =/d(psinn)=stinn "
R

dS_ = p sec n de6
= p sec n dn (since o =n-no)
= p COS N seczn dn
= p cos n d(tan n)
= d(p cos n tan n) - tan ned(p cos n)
= d(p sin n) - tan n d(po cos no)

= d(p sin n)
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In a similar fashion we will next show that for the
refracted distance S
[ ;
]nds = / nd(p sin B) + Yyn_p_ cos Bo A-7
S R oo

Proof :

ndS np sec B de

np sec B dB + np sec B dy (since 8 = B-Bo +y)

d(np sin B) + np sec B dy |
(omittted steps are identical to those for dSo)

n d(p sin B) + p sin B dn + np sec B dy

We next note that*

dy -%cotedn

Substituting for dn we get

ndS nd(p sin B) + np(sec B - sin B tan R)dy

nd(p sin B) + np cos B dy

nd(p sin B) + n e, cos Bo dy

*For the derivation of this equation see for instancc '"Radio
Meteorology" by B.R. Bean and E. I. Dutton, NBS Monograph
92, p. 87.
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Using the relationships we derived above, we can now
write

: DR =[ndS-]:iSo
S

S
o

= J (1+N(0)x10°%) d (p sin B) + [(1+N x10"®)p cos B dy
S (o] o (o]

= fd(p sin n) (A-8)
So
Since the end points of paths S and So coincide

at p = Po and p = Pr» We can rearrange A-8 and write

DR = DR1 + DR2 + DR3 (A-9)
where |

DR1 = fN (p)xlo"’ d (p sin B)

S
DR2 = yN_ x 1070 p_ cos B

o o o

DR3 = /;1 (p sin B) - / d (p sin n) + ¥y Py COS Bo

S So

= o (sin Bo - sin nT) = Py (sin Bo - sin no) +

Yp_. €oOs Bo. (A-10)

(o]

But n = g -4

o o
and np = BT + (y - §) = BT + a
where 6. = ¥y =8
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Substituting for N, and N in A-10 and using Snell's
Law and small angle approximations for a and §, we get

DR3 = (A + B) Py COS Bo (A-11)
where A = (a2 tan Bq - 8% tan Bo) /2
i 3 3 -6
B = (a” + 8§7)/6 - (No - NT) x 10 a(l - (a/2) tan BT)
= (> +8%)/6 - (N - Npax 107°
o
= (o« +8%)/6 - Na x 1075

for transtropospheric targets.

At astronomical distances, o goes to zero.
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APPENDIX B

EVALUATION OF DR1 AND y |

In evaluating both DR1 and y, linear variation of the
refractive index was assumed between the '"significant' heights

E at which the index of refraction was defined

6

N(p) = N(pi) + ki h x 10 (B-1)
where ki = refractive gradient in the ith layer
= constant
: -6 .
(Nj N;) x 10 /(pj ps)
where subscripts i and j refer to the ith
and the jth significant height;
j =i+
p = distance from the earth's center.

In Appendix A, equation (A-10), DRl was defined as

DRI = ﬁ(p) x 10°% d(p sin B)
s
Integration by parts results in

DR1

Fl1 + F2
papT
-6 s
where Fl1 = N(p) x 10~ p sin B (B-2)
p=p

-6
= -No x 10 p

o Sin BO

for transtropospheric targets

and F2 = -ﬁ(p) o sin 8 dp (B-3)




To evaluate this integral, we will break it up into a number

of segments with a constant refractive gradient.

Snell's Law states

np cos B = n, e cos Bo

o] 1 1

Using (B-4), we get for sin 8

’ x 2. 2
sin® g = 1 - Q; cos B
- <2 2
= Q;f (sin®8; +Qf - 1)

where Q; = (np)/(n; p;)

if we define h = p - Py and n = n, + kih and note that

h<<°i’ we can express

2
q} =~ 1 aih

2(k; oy *+ /ey

1]

where a

We can, therefore, write

1/2

X o7
sin 8 = (n; p;/nP) (sin” B, + aih)

i

Substituting in (B-3) and neglecting n _/n
i

s B frowt e
1=0 0

M = number of significant heights

45

n. p. cos Bi = constant

Subscript o refers to the surface values
and to the gradient of the first layer.

(B-4)

(B-5)

(B-6)

(B-7)

(B-8)




Carrying out the integration, we get

M-1 k.

P
T 3 i .. 2 3/2 o oall %
F, i, [sin? 8; + a;n,) sin> 8,](B-9)
i=o (B-9)
where Hi = pj = i
Neglecting ni/n results in an error of less than half a
centimeter.
Using (B-7) and Snell's Law, we note
3.2 L 2 a2
sin 8i+aiHi (nj pJ./ni pi) sin Bj
= coszsi sin2 Bj/coszsj (B-10)
For convenience, we will define
A; = sin BJ- cos By (B-11)
iy ® sin B; cos Bj
Using B-10 and B-11, we can write
e 3/2 gory . - 39 3 "
sin’s +a 0% % - sin’ g, = (A] Bi3)/cos B (B-12)
and
a, H; (A2~ B)/cos 8 (B-13)
Substituting in (B-9), and noting that p. cos Bj .
i P -6
p, COs Bo and kiHi (Ni Nj) x 10 7, we get
M-1 -6 2 2
F, - o W s o W i W ¢ Dt Tl ¢ 1)
i=0 1.5 p, COS Bo (Ai+ Bi)




which together with equation (B-2) defines DRI.

Computation of y is carried out in a similar fashion '%
by approximating the refractive profile by linear segments.

Refractive bending y is given by¥* 1
dy = -k(p)cot B do/n (B-15)

From (B-7) and Snell's Law, we get

2

% . -1/2
cot B cos Bi (sin Bi + aih)

(B-16)

Substituting in B-16) and neglecting n

jSEb H.
i e

- - k%/zos B (sin2 B; *+ a;h) 1/2 gn
i=o0 0

M-l 2ki cos B.

@) i R T :
o [(S1n

2 1/2 >
Bi + aiHi) - sin Bi

1=0 -
L (B-17)
‘E
E Using (B-12) and (B-13) and simplifying, we get
| A zv, - N x 107°
| Y = J (B-18)
, b=y tan B, + tan Bj

Equation (B-18) was used to compute Yy in Table 1.

o

- *B.R. Bean and E.J. Dutton, '"Radio Meteorology', N.B.S. 1
Monograph 92, March 1966, Section 3.12, pp 82-87.
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APPENDIX C

EVALUATION OF DR3

In Section 2.4, it was stated that in tracking non-
cooperative targets only Bo, Y(Bo), and R are known. The
evaluation of DR3 requires that we also know the refractive
error §. The method for computing involves a rapidly converg-
ing iterative procedure where the initial value of § is set
equal to vy and an estimate is made of angular.distance § using
equation (2-12). This value of § is used to compute a new
value of § using equation (2-13). This updated value of ¢
is then used in equation (2-12) and the process is repeated.
It was found that at most two iterations are sufficient to
rpovide an estimate of DR3 accurate within one centimeter.

Equation (2-12) is very simply derived from Figure 1
in Appendix A using the Law of Cosines to compute Py and the
Law of Sines to compute sin 6. It should be noted that the
free space slant range So in Figure 1 is equivalent to range
R in equation (2-12). Using the triangle formed by Po’ P
and S,» We get
2 2 2

Pr e R™ + ZpO R sin S (C-1)

and sin 8§ = Ro cos no/pT (C-2)

Substitution of (C-2) in (C-1) yields equation (2-12)

R cos no
sin @ (C-3)
ol S : X
[?o + R®™ + 2 po R sin n,
48
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Equation (2-13) which is used to compute & is obtained
as follows:
From Figure 1 in Appendix A, the following relation-

ships are obtained
¢ = f -0 (C-4)
where n, is the true elevation angle
e W | (C-5)
Nfpg = n +® (C-6)

From Snell's Law and the Law of Sines

n, K, cos Bo = NpPr COs BT (c-7)
P, €OS n = Ppp coOs N, (C-8)

Dividing (C-8) by (C-7) and using (C-5) and (C-6), we get

n, cos B cos(n,  + 8) = cos n, cos(Bo + 06 -~ v) (C-9)
where n, is the ratio of the index of refraction at the
surface to that at the target. For targets above the

troposphere, which is assumed here, n
value of the index of refraction,

o is the surface

Expanding (C-9) and approximating cos y by 1—72/2
to cancel 1 inn = 1 + N x 10'6, we get

-ng tan gy * A + B cot 6 (C-10)




A = sin y - tan Bo cos Y

6 22

B = tan 80 sin y - No x 10
Substituting for o in (C-4), we get equation (2-13)

§ = Bo + arc tan((A + B/tan 9)/n°) (C-11)
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APPENDIX D 3
P RESULTS OF RADTOSONDE DATA ANALYSIS g

This appendix contains computer analyses of 96 radiosondes ’1
from Eglin Air Force Base. 1

For the purpose of this analysis, it was assumed that
the radar would measure the refractive bending based on the
radiosonde data. The estimate of the range error is based
on these '"'measured'" values by the radar.

E These profiles are arranged in 12 groups representing
" each month of the year. The eight profiles of each group
represent samples taken during the first five days of each
month. Half of these samples were taken at noon and the
other half at midnight.

Each page contains analyses of four profiles. The
format is as follows.

The top line of each analysis identifies the profile
and some of its characteristics:

Profile identification: day-month-hour (00 = midnight,
12 = noon) and the number of points in the profile

NO = Surface refactivity
GMR = '"measured" y at Bo = 20 mr.
DN = Estimated value of DN

(DN = NO - N1 where N1 = refractivity
at 1 km above the surface)

DNP = ''Measured" or the '"true'" value of DN as
interpolated from the radiosonde profile
N9P = The '"true'" value of refractivityat 9 km above

sea level. (The assumed value is 105 N units)
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The second line of each analysis identifies the tabulated

entries below:

BO
GM

DR1P
DR1S
DR2
DR3
DR31I
DR39

DRI
ERROR

Measure elevation angle of the target
Refractive bending y. (This value is
presumably known as a function of BO

from satellite calibration)

"True'" value of DRl computed from the profile
Value of DR1 computed from the standard profile
DR2 (See Section 2)

DR3 for target height of 39 km

DR3 for target at infinity¥*

DR1P + DR2 + DR3

Total ("true") range delay for target height

at 39 km

Total ('"true'") range delay for target at infinity
DR1P - DR1S

Range estimate error.

All angles are expressed in milliradians.

All distances are expressed in meters.

In five of the 96 profiles, ducting occurred at Bo =0 mr.
and was indicated by the word "DUCTING".

DR3I is computed from eq. (A-11) by setting o = 0. This
assumes that the ray path above 39 km is a straight line
and that the signal velocity is that of free space. This

assumption is quite good for S-band and above when ionospheric

effects are negligible.

e
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1JAN1263 NO=320.80 GMR=

B0

")
10
20
30
40
50

(¢]y]
14.71
10.54

8.33
687
S.82
S.084

2JANQGOSS8

BO

9
10
20
30
40
S0

GM
13.17
10.22

8.10
667
Se65
4.88

2JAN1255

BO

2
10
20
30
40
50

GM
11.82
9.74
7 .86
652
554
4.79

JJANBB63

BO

[/
10
20
30
40
S0

QM
15.83
9.98
779
643
5¢47
4.74

DRIP
80.11
63.38
5177
43.30
36.91
31.97

No=311.30 GMR=

DRI1P
78.23
61.96
S50.70
4249
36.29
3148

NO=306.80 GMR=

DRIP
7796
6176
50.48
42.26
36.07
31.27

NO=305.28 GMR=

DRIP
78411
62426
51.10
42.85
36.59
31.72

DR1S
79.76
62.99
$1.35
42.89
36.53
31.62

_DRIS
77.72
61.50
58.26
42405
35.86
31.096

DR1S
7776
6167
5042
4220
3599
31.18

DR1S
7771
61.66
S0.43
42.21
3600
3119

833 DN= 47.69 DNP=

DR2 DR3 DRI DR39
3006 =140 150 108.77
2153 =4.44 ~-1.51 80.48
1702 =496 =233 63.82
1403 =4.85 =2.54 52.48
11689 =454 =252 44426
1028 =419 =240 38.26
8.138 DN= 50.38 DNP=

DR2 DR3 DR31 DR39
26e¢1]l =174 1.02 102.69
2026 =4.20 -1.44 78.02
1635 =469 =2.22 62.06
13622 =4¢57 =2+.40 S1.13
11619 =427 =2:37 4320
9¢67 =394 =226 3721

7.86 DN= 45.5]1 DNP=

DR2
23.10
19.04
1536
1273
18.81

936

779 DN= 44

DR2
30.78
1941}
1514
1250
1063

9.21

DR3 DRIl
=202 B.69
“3.98 -1.30
“4448 ~=2.07
=440 =-2.28
“4.12 =226
=381 =2.17

DR3 DRJ!
~0.56 2.00
“4.03 -1.38
“~4642 =2.03
~4.31 =2.20
~4.04 =2+19
«~3.74 =2.10

53

DR39
99.05
76.81
6136
$50.60
42.76
36.82

DR39
108.33
77.64
61.82
S1.04
43417
37.20

DRI
111.67
83.41
66¢45
5479
4629
39.85

DR1
10536
80.78
6453
53.39
45.11
38.89

DRI
18176
79.49
63.77
$2.72
444062
38446

DRI
110.88
80.29
64.21
53.15
45403
38.84

5654 N9P=105.27

ERR]OR
B.36
D42
Be42
Q.41
2.38
935

S0.80 N9P=194.59

ERROR
9.51
P45
Be.44
P44
P43
o4l

48.25 N9P=]103.93

ERROR
D20
0.08
.06
P06
0.07
0.38

19 DNP= 47.72 N9P=123.88

ERROR
.40
B.60
P66
P64
Q.58
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3JAN1263 N@=294.10 GMR= 7.08 DN= 24.97 DNP= 26.08 N9P=103.82
BO GM DRIP DR1S DR2 DR3 DR31 DR39 DRI ERROR
O 9¢14 78498 7887 17:12 =2+25 0.26 93.85 96.36 0.11
10 833 63¢02 63401 15:60 =339 =093 7523 7769 0.009
20 708 51458 51660 13626 =3¢85 =1.60 6099 63.23 ~0.03
30 601 A3¢19 43¢20 1126 =385 =185 5060 52.59 -0.01!
40 S5.17 36.85 36.84 968 =3.66 =198 42.87 44.64 0.00
S@ 4.51 31.94 3l.92 Bed4 =3e41 ~1.85 3698 38.54 0.03

4JANDPDS57 NO=303.80 GMR= 7.70 DN= 42.02 DNP= 37.45 N9P=104.46
B0 GM DRIP  : DRIS DR2 DR3 DRJl DR39 DRI ERROR
O 1224 77¢96 7782 2368 =185 0.80 99.79 102.44 0.14
10 9¢54 6191 6180 18446 =388 =125 7649 7911 @.11
20 770 5065 50«55 14.90 ~=4¢34 =198 6120 6357 0.09
30 641 42441 4232 1239 =427 =218 S054 52.62 06.09
40 5446 3620 3609 1055 =402 =218 4273 44.56 0.10
SO A4.73 31.38 31.27 9el4 =3e71 -2.09 36+8) 38.43 0.1l

4JAN1249 NO=333.80 GMR= 7.71 DN= 42.22 DNP= 39.36 N9P=1@3.17
B@ GM DRIP DR1S DR2 DR3 DRJI DR39 DR1 ERROR
B 1212 7808 7779 23¢45 =188 077 99¢6S5S 102.30 0.29
10 958 62084 6178 18¢53 =389 =126 7668 7931 0.26
20 771 S5S0¢79 50653 18¢9] =435 =198 6136 6372 @+26
30 6.40 4256 42.30 12639 =427 =218 5068 5277 026
40 5645 36633 3608 1054 =401 =218 42.86 44.70 0.26
S@ 4.73 3151 31.26 Qeld =3¢71 =2.09 3693 38¢56 B+25

SJANGOG48 N@=297.10 GMR®s 7.32 DN= 32.76 DNP= 27.00 N9P=}p5.16
B GM DRIP DRIS DR2 DR3 DR31 DR39 DRI ERROR
0 1153 78¢56 78016 21481 =189 D65 98.48 101.02 0.40
10 B8e93 6271 6230 16490 =360 =1.809 76.81 78.52 @.4l
: 20 732 S51.42 S1.01 13485 =403 =175 61.24 63.53 D42
F 30 6.14 4312 42¢71 1162 =399 =1:96 S@.76 52.78 .4l
40 5+26 36483 36¢43 9¢95 =3.77 ~1.98 43.01 44.79 0.40

SO 4¢58 31¢94 3156 B8+65 =350 ~1.92 37.10 38.68 0.38
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IFEB1263
BO aM
: @ 8.47
g 18 8433

» 20 7.14
30 6.07
40 S.22
S@ 4.56

2FEB1263
BO aM
@ 18.22
19 12.04
20 9.06
30 7.31
49 6.13
S0 5.26

3FEB0062
B8 GM
2 15.46
10 10.1S
20 8.13
30 679
40 5.80
* S0 S5.94

3FEB1257
BO aM
® 11.83
18 9.74
20 8.00
38 6.68
40 S.70
SO 4.94

N@=2297.30 GMR= 7.14 DN= 23.40 DNP= 26.45 N9P=104.96

DRIP
80.06
63.8S
52.25
43.76
37.34
32.37

NO@=329.30 GMR=

DRIP
77.58
60.99
4979
4167
35455
30.81

DRIS
79466
63.61
52+086
43.55
37.12
32.15

.DRIS
7739
60.73
4952
41.40
3529
3057

DR2 DR3J
1603 =-2.39
1577 =3.44
1353 =3.93
1149 =3.93

9.89 =3.73

8.62 -3.48

906 DN= 69.
DRe DR3
3779 ©.08
25.26 -5.05
1900 =5.59
1533 =8%5.36
12.84 =4.95
1102 =4.53

DR31! DR39 DRI ERROR

Pe19 93071 9628 0.40
092 76.18 78.70 Q.24
=163 6185 64.15 0.20
=189 S1¢33 5337 0.21
=1¢93 43.49 45.30 0.22
=1e88 37651 39¢11 Q.22

86 DNP= 59,23 N9P=1@5.32
DR31 DR39 DR1 ERROR
2098 115046 118435 0419

=196 8120 B84.29 0.25

“2e¢86 6320 6593 0.27

=299 S1e64 54.01 0.26

=289 43¢44 45.50 0.25

=2¢71 3731 3912 0.24

N@=323.10 GMR® 8.13 DN= 34.61 DNP= 37.35 N9P=104.85

DRIP"
82.41
65.44
53041
4459
37496
32.85

DRI1S
82.2%5
65.98
5299
44.20
37.60
32.52

DR2 DR3
31.81 -1l.14
2088 =4.36
1674 =4.86
1398 =4.80
11693 ~4.54
1035 =4.20

N@=315.60 GMR= 8.80 DN= 39.

DRIP
80.07
63.28
$1+53
43.20
36461
31.68

DR1S
80.31
63.61
5189
43.34
36.91
3195

DR2 DR3
2378 =2.20
19.58 =4.12
1607 =4.68
13¢43 =4.63
11644 =4.36

9492 =4.04
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DR31 DR39 DRI ERROR
1¢77 11308 11600 B.16
=1¢38 B81¢96 B84¢94 036
=217 6S¢29 6798 042
=2¢43 53¢77 5614 0.40
=2¢85 45436 4744 036
=236 J39.00 40.84 0.33

@9 DNP= 35.67 N9P=101.60
DRJ1 DRJ9 DRl ERROR
P68 10165 10453 ~-0.24

~1¢28 78¢74 8158 =-0.33

“2¢1l 62¢92 6548 =036

=238 5180 54.85 =0.34

=239 A43.69 45¢66 =931
=230 3756 3930 =0.27




AFEBOJ468 N@=294.50 GMR=

7«17 DN= 28.9) DNPs= 26.78 N9Ps=

DRI
98.58
77.31
6260
5196
44.04
37.98

98.44

ERROR
=936
=337
=039
~0.38
=@+35
=033

35 DNP= 44.60 N9P=105.64

DRI
105.03
80.56
64.48
53.28
45.07
38.84

ERROR
0.20
@19
P.19
g.18
9.18
P17

85 DNP= 33.23 N9P=196.18

DRI
101.1S
78434
63.31
52.59
44662
38.52

ERROR
0.34
038
839
.38
P36
0.34

20 DNP= 27.29 N9P=1@5.43

BO aM DRIP DR1LS DR2 DR3 DR3l DRJ39
QO 1073 77¢96 7832 2012 =2.01 0.50 96.07
190 Beb62 62.14 62452 16417 =348 -1.01 74.84
20 717 S0.82 51.21 1344 =391 =166 60+.36
30 6606 42¢50 4288 1136 =389 =190 49.97
40 520 36422 36457 9¢75 =369 =194 42.28
SO 453 3136 31.69 Be50 =3¢44 -1.88 36,42
AFEB1249 NO=310.00 GMR®= 7.96 DNs 45.
BO GM DRIP " DRI1S DR2 DR3 ' DR31 DR39
2 |2093 78053 78033 25453 =1.79 P96 102,28
10 9:96 6225 6206 19.68 =4.10 -1.36 77.83
20 796 50490 SPeT71 15471 =458 =212 62.02
38 659 42.60 4242 1300 =449 =2.32 S5Sl.12
B0 560 36634 36016 1104 =4e¢2]1 =231 43617
S@ 4.85 31.49 31.32 9.56 =3+89 =2.21 37.16
SFEBOOS9 NO=296.60 GMR= 7.33 DN= 33.
BO aM DRIP  DRIS DR2 DR3 DR31 DR39
D 1175 78424 7798 2221 =183 070 98.62
10 8.99 6246 6208 16499 =361 ~1.11 75.84
20 7¢33 5123 5084 1384 =4.03 =175 61+04
30 6014 42¢95 42657 11.60 =398 =1.96 50.57
483 S25 36468 3632 9692 ~3476 ~1.98 42.84
5@ 457 31.81 3147 8e63 ~3¢49 ~1¢92 36495
SFEB1256 N@=305.50 GMR= 7.62 DN= 35.
B@ aM DRIP DRIS DRrR2 DR3 DRJ3l DR39
G 11668 7950 79421 22.72 =2.03 P66 100.19
10 928 6322 62¢96 18405 =383 =117 77.44
20 Te62 S170 51646 14.82 =431 -1.90 62.21
30 638 43.28 A43.04 12.4] =4+26 =2.14 51.43
A0 S¢45 J6¢93 J6+68 10.60 =403 =215 43.51
SO0 4.74 32.01 31.77 9¢21 =373 =-2.08 J37.48
56
.:Ef' — —

DRI
102.88
80.10
64.+62
5356
45438
3914

ERROR
B.29
.26
0.24
B.25
025
@24



IMAR1263 N@=328.10 GMR= 8.57 DN= 48.45 DNP= 41.50 N9P=105.40
B0 GM DRIP  DRIS DR2 DR3 DR3I DRJ39 DRI ERROR
@ 1258 8131 8084 26+30 ~2¢27 083 1085.34 108.44 0.48
19 1065 64405 63¢71 22425 =4059 =152 8170 B84.78 0.34
20 B8+57 5217 5186 1790 =522 =247 64.85 67.60 0.31
3@ 707 A43¢59 4327 1477 =Sell =270 5325 55.66 .31
40 5499 3714 3683 12:51 =4.78 =268 4486 4697 .31
SO Sef7 32¢16 3186 1080 =4e4]1 =2¢55 J38.56 4Be4) B.30

2MAROO63 N@=336.90 GMR= 9.17 DN= 64.10 DNP® 53.73 N9P=106.54
BO aM DRIP ~ DRIS DR2 DR3 DR31 DR39 DRI ERROR
O 1749 8003 7963 37:54 =042 2466 11714 120.22 0.39
10 11499 6288 6243 25.74 =516 =1+92 B83.45 B86.69 0.44
20 9¢17 5125 5080 1967 =S¢77 =298 65.15 68.02 0.46
38 T.44 4284 42¢39 15496 =5:56 =306 53,23 55.73 0.45
40 625 36e5)] 3609 1340 ~5.16 =298 4475 4693 B.43
SO Se37 3163 3123 11652 ~4472 =2+81 38.42 4033 0.40

2MAR1262 N@=325.40 GMR= 8.35 DN= 41.99 DNP= 38.98 N9P=106.77
B9 GM DR1P DR1S DR2 DR3 DR3I DR39 DRI ERROR
@ 1357 B8le72 8le45 28613 =192 110 10793 11895 027
10 1038 64.60 64431 21652 =447 =145 8165 B84.67 Q.28
20 8435 5265 52436 17¢31 =5.04 ~2432 64.92 67.64 0.29
30 6094 43¢97 43468 14.37 =4.96 ~2+57 5338 5577 .28
42 Se¢90 3745 3Tel7T 12621 <4466 =257 45.08 47.10 @.28
S@ Sell 32642 32415 1057 =43¢30 <2446 38469 4053 0.27

3MARG060 NO=344.08 GMR= 944 DN= 66.72 DNP= 62.47 [NOP=]135.77
e Sl poyp paye nno pra M3l nnaw 21  ERROR
N 1729 B80e76 B0es32 3789 =072 2¢52 11793 12117 0.44
10 12642 63308 62¢83 2721 =542 =2.04 85.09 88.47 Q.47
20 9¢44 5154 5105 2069 =607 =388 6616 69¢15 B.49
O Te64 A3¢05 4257 16e74 =584 =325 53.94 56+54 .48
40 6¢41 3667 3622 1484 =5:4) =315 45.30 4756 Q.45
SO S5eS51 31¢76 3133 1205 =495 =2.97 38.86 4084 0P.42
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DRI
114258
86.88
6901
5675
4785
4113

ERRON
B34
@37
9.38
.37
036
0.34

83 DNPs= 42.50 N9P=196.03

DRI
11041
87.59
69.79
57.25
48.18
41.36

ERROR

005
-0.20
-0.29
=025
-“0.20
=Pe15

67 DNPs 27.43 N9P=105.62

DRI
187.33
83.40
67.27
55469
47.14
40.62

DRI
11975
89.54
69.93
56.96
4777
4095

ERROR
036
6.38
0.38
P37
237
936

55.87 N9P=1@85.96

ERROR
-“9.06
Q.26
“0.34
-2.30
“Qe25
-0.20

IMAR1263 N@=334.80 GMR= 8474 DN= 47.06 DNP= 45.70 N9P=]195.70
BO GM DRIP DRIS DR2 DR3 DR3l! DR39
@ 1428 B2.50 8216 3045 =189 1.30 111.06
19 11.01 65602 64465 2348 =4.82 -1.62 83.68
20 B8.74 5293 52¢55 18.64 =5.43 =2.56 66.14
| 30 7 .22 44.17 43.80 15¢39 =5.32 =-2.81 54.23
‘ 40 612 37.60 37.24 13603 =4¢99 =279 45465
SO 529 3254 32:20 1126 =460 =2.67 39.20
4MARGOA63 NO=342.60 GMR= 8.98 DN= 46+
BO GM DRI1P DRIS DR2 DR3 DR31l DRJ9
@ 1202 B350 BIe4S 2624 =2.74 B.67 107.01
10 1092 65433 65654 23¢82 ~4¢92 =157 84.23
20 B8¢98 52090 53¢18 19¢59 =5.70 =2.69 66.78
‘30 TedS 44482 44627 1624 =5.63 =301 54.63
40 631 37642 37¢62 13¢75 =527 =299 45.90
SO Se44 32.35 32.51 11¢86 =485 =2.86 39.36
4MAR1246 NP=317.00 GMR= 7.85 DN= 29.
BO GM DRIP DR1S DR2 DR3 DR31 DR39
P 1200 8238 B82.02 24¢24 =-2.18 0.71 104.44
10 9449 65044 65.06 19¢17 =407 ~-1.20 B80.53
20 T7¢85 5341 5304 1586 =4.60 =-2.00 64.66
30 646) 44063 44426 1334 =458 =2.28 53.40
40 5466 38¢03 3766 11ed42 =433 =-2¢31 45.11!
SO 4.92 32.94 32.58 992 =4402 -2.24 38.83
SMAROGB63 NO=353.70 GMR= 9.80 DN= 69.23 DNP=
‘ BO aM DRIP DR1S DR2 DR3 DR31 DR39
| 0 16.17 81f31 81¢42 36¢43 =155 195 11624
10 1259 63624 6350 28437 =5.64 =2.06 85.96
20  9¢80 S1¢17 S1e51 2208 =648 =331 66.77
30 Te95 4259 4290 17691 =627 =355 54.23
43 666 36422 3647 1500 =581 =345 45.42
5@ S5¢71 31433 31653 1285 =530 =3.24 38.89
|
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DR1
120.23
91.09
7867
5726
47.90

41.00

48.00 N9P=104.84

ERROR

9.03
=049
=067
~0.60
049
“0+40

93 DNP= 7Q.95 N9P=104.80

DRI
117.26
88.73
69.02
56.21
4719
4050

ERROR
P53
Q.22
@15
Q.17
Q.20
P.21

08 DNP= 14.97 N9P=106.00

1APR1263 N@=364.70 GMR=10.42 DN= 8]1.40 DNP=
BO aM DRIP DRI1S DR2 DR3 DR31 DR39
@ 1608 8099 B0¢96 3736 =188 187 116.48
10 13¢35 62¢35 6284 3101 =609 =227 B87.27
20 1042 5026 50092 24¢2) =713 =379 67+33
30 Be39 41¢8B0 4240 1948 <687 -4.02 54.41
40 698 35¢55 3605 1620 =631 =3.86 45.44
SO S5¢96 3076 J1lel6 13¢8B3 =5S¢73 =3:59 3886
2APROG60O NO=350.20 GMR= 9.89 DN= 77.
BO GM DRIP DRIS DR2 DR3 DR31 DR39
D 15693 79¢85S 7932 35454 ~1.58 1.87 113.81
10 1294 62406 6183 28¢.86 =5.69 -2.19 85.22
20 989 5039 5S0+24 22.05 =650 =3.42 65.94
30 794 4207 4l1e¢9) 17071 =623 =358 5356
Q0 6¢62 3586 35¢67 14:76 =573 =3.43 44.90
SB 567 3107 3086 12.63 =5.21 =3.20 38.49
2APR1256 NO@=333.90 GMR= 8.38 DN= 30.
BO GM DRIP  DR1S DR2 DR3 DR31 DR39
9 14012 8492 B84¢73 3002 =193 125 113.01
10 1036 67430 66098 2203 =4.60 =142 84.73
20 B8¢38 S4¢80 54435 1781 =5.16 ~2.28 6745
30 Te@3 45.68 45624 144948 =5.13 ~2.59 5549
{ 40 601 3B+8S 38443 1277 =485 ~2.63 46476
i S@ 5.22 33.60 33.21 1108 =4.50 ~2.54 40.18
JAPROQG63 N@=297.20 GMR= 7.48 DN= 40.64 DNP=
BO GM DRIP DR1S DR2 DR3 DR3I DR39
B 12674 T7e31 76691 24¢13 =158 D94 99.85
10 9.31 6163 61.21 1763 =371 =-1.20 7554
20 Te48 5056 S@e14 14¢16 =4¢13 =1.86 60.59
30 622 4243 4200 1178 =4.085 =2.05 S%.15
40 S5e30 36626 35485 10403 =381 =-2.04 42.48
SO 4,60 31.47 31.07 B8e70 =3¢53 =196 36.64
59
e ——— ~—— - -
A et -

DRI
116.19
87.92
70433
58.03
48499
42.14

DR1
10237
78.05
62.86
52.16
4425
38.21

ERROR
P.19
D40
P.45
.44
Q.41
P39

3475 N9P=10S5.40

ERROR
.39
0.42
P43
P42
Be4l
039




3APR1263 N@=316.00 GMR= B8.40 DN= 58.90 DNP= 52.15 N9P=1095.63
BO GM DRIP DR1S DR2 DR3 DR31I DRJ9 DRI ERROR
@ 1530 7771 7723 3079 =105 174 10745 110.23 @.48
10 1086 6145 60.95 2187 =447 -1.63 7885 81469 @.49
20 Be40 5029 49:79 16:90 =Q4¢95 =2.42 62+24 6477 0.50
30 686 4215 4166 13:79 =4¢79 =257 5S1¢16 5337 @.50
43 Se78 3600 3552 11¢63 =446 =252 43¢17 4S.11 Q.48
SO 499 3123 30.78 1002 =409 =238 JI7416 38.87 @.45

4APROOS5! NO=313.30 GMR= 8.37 DN= 63.62 DNP= 53.40 N9P=]105.65
BO GM DRIP  DRIS DR2 DR3 DR3lI DR39 DRI ERROR
0 44:72 7667 76¢33 8926 58:99 50.04 224+91 215.96 0.34
10 1120 6108 6025 22434 =453 =174 7890 8169 0.83
20 B8e37 50:16 49426 16471 =498 =242 6196 64445 0.90
30 680 42.12 4124 1356 =471 =253 50.97 S3¢14 @87
40 S5+73 3601 35:19 11.42 =437 =246 4305 44.96 9.82
SO 4.94 31.26 30.50 9484 =402 =233 37.08 38.77 @B.76

4APR1263 NO=315.50 GMR= B8¢16 DN= 47.15 DNP= 61.37 N9P=10@5.51
B0 GM DRIP DRIS DR2 DR3 DRJI DR39 DRI ERROR
D 1964 7976 78¢96 3948 159 4+98 120.83 123+31 0.79
10 1066 6359 6245 21.42 =439 ~1+56 80«62 8345 1.14
20 Be16 5222 5097 16639 =4.78 -2+24 6383 66+38 1.25
30 670 A43+81 42:61 13446 =464 =2+39 52+62 54.87 1.20 —
40 S5¢68 3741 36¢31 11641 =435 =237 4447 46445 .10
S@ 4.92 32.44 31.44 988 =481 =227 38¢31 40.05 1.00 ﬂ

SAPROB63 NO=342.40 GMR= 965 DN= 78.36 DNP= 74.78 N9P=105.50

B@ GM DRIP DR1S DR2 DR3 DRI DR39 DRl ERROR
@ DUCTING

10 14416 6219 6092 3087 =5¢94 =2.59 8712 90.47 1.27
20 965 5112 49:59 2105 =6¢21 =3.28 65:96 68:90 1.53
30 7.67 42486 4l1+41 16.71 =S¢85 =330 5372 56.28 1.45
40 640 36459 35¢28 13.94 <5438 =315 45¢15 47.38 1.31
S@ 5649 3172 3054 11.95 =4+91 =295 3876 4071 1.17

60




IMAY126] N@=361.40 GMR=10.08 DN= 70.93 DNP= 79.40 N9P=105.93

B0 GM
2 16.13
10 12.91
20 10.08
36 8.17
40 6.83
S@ Se.85

2MAY006) NO=347.30 GMR=

Bo GM

@ 14.90
10 11.70
20 9.32
30 765
40 6445
S@ 555

2MAY1263 N@=355.40 GMR=

B@ aM
2 14.69
10 12.28
20 9.75
30 7.95
42 6.67
5@ 5.73

DRIP
82465
64.11
S1.84
43.16
36.72
31.78

DRIP
82.84
64.77
5250
4374
37.22
32.22

DRIP
82.71
64.28
S1.98
43.26
36.80
31.84

DRIS
8233
64.06
S51.89
43.17
36.68
31.70

DR1S
82.60
64.68
5247
43.68
3713
3209

DRI1S
8251
6438
5217
43+42
3689
31.88

DR2
37.13
29.72
23.20
1879
1571
1345

DR3 DR31
=177 191
=589 =-2.14
=6¢81 =3.50
=659 =375
“6¢09 =363
=5¢55 =3.41

DR39
118.01
87.94
6824
55437
46434
39.68

DRI
12169
9169
7154
58.21
48.80
4]1.82

EHROR
9+33
005

-0.04

=P.0)

‘B.04
92.08

9.32 DN= 56.47 DNP= 44.83 N9P=1@5.58

DR2
32.96
25.89
20.62
1692
14.26
12426

DR3 DRJI
=195 1.48
=525 ~1.80
=602 =2¢95
=5.89 =3.22
=549 =317
=5.03 =3.00

DRJ39
113.85
8Se41
6710
$4.78
45099
3945

DRI
117.28
88.86
70.18
5745
48431
41448

ERROR
.24
P.89
@83
086
.29
Q.13

9.75 DN= 64.49 DNP= 53.95 NOP=105.65

DR2
33.27
27.80
2207
1799
15.09
1295

DR3 DR31l
~2¢23 138
=558 =196
~6:46 '3026

;6029 =-3.52
~5.83 =3.44
~5.33 -=3.24

DR39
11375
8650
6759
S4.97
46.06
3945

IMAY@063 NO@=377.70 GMR=11.09 DNs 92.10 DNP=
B@ GM DRIP DRIS ' DR2 DR3  DR31  DR39
@ 3070 B81¢18 B80¢94 73¢87 14+09 1571 169413
10 1509 62.77 62.53 36+3]1 =6488 =277 92419
20 1109 50480 50.61 26+.68 =7.89 =432 69.59
; 30 B8.80 42:33 42:12 21415 =749 =4+45 55¢99
40 728 36402 3579 1751 <684 =4+22 46469
S0 6+20 3118 3093 14.91 =6.19 =3.92 39.89
61
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DR1
117.36
99.12
70.79
57.73
48445
4155

DRI1
170.76
96.30
7316
59.03
4931
4217

ERROR

2.20
-D.09
-0.20
“@.18
“3.09
“Q.05

76.900 N9P=]1@35.68

ERROR
P24
0.24
P19
P21
023
@.25




IMAY1263 N@=2356.20 GMR=

955 DN= 53.92 DNP=

BO GM DRI1P DR1S DR2 DR3 DRJI DR39
@ 1S54 B8S5e¢16 B84.43 3526 =190 169 (18.52
i 10 1215 66780 65¢98 27¢56 =5¢55 =1.92 88.72
! 20 9¢55 5416 53¢42 21.66 =631 =307 69.50
' 30 7082 45013 44041 17-74 ;6016 ;3034 56071
48 660 38¢39 37«70 14¢95 =5¢74 =329 47.60
SO S¢68 33¢21 32.56 12.87 =5.27 =3¢12 40+81
|
4MAYPP63 NP=333.40 GMR= 8.32 DN= 27.98 DNP=
BO GM DRIP  DRI1S DR2 DR3 DRJ3l DR39
@ 1294 8530 8497 2748 =2.29 02«91 11049
19 10036 6751 6713 2137 <“4¢51 =133 84437
20 B8¢32 540693 54¢54 1766 =5412 =224 67.47
30 700 4578 4539 1486 =510 =256 55454
40 S¢.9 38.93 38056 12.71 54083 =2.60 4681
SO Se20 3367 3332 1104 -4448 =252 4B.22
4MAY1259 NO=334.20 GMR= 9.10 DN= 64.8]1 DNPs=
BO GM DRIP DRIS DR2 DR3 DR31 DR39
O 16eAS 7940 7907 3418 =1+12 1498 11246
10 1172 62¢25 62403 24¢94 =5.03 ~1.84 82.16
20 9¢10 5S50@¢67 5S050 1937 =5.68 -2.86 64+36
30 740 42.35 42.16 1574 =5.:49 =3.04 52.60
40 6021 36¢11 35691 1321 =5.69 =296 44.23
SO 5¢34 3129 3108 1135 =4.66 =279 37.98
SMAY205S NO=313.40 GMR= 8.01 DN= 42.89 DNP=
BO GM DRIP DR1S DR2 DR3 DRI DR39
@ 13616 79¢55 T79¢31 26428 =179 1.02 104.04
10 9494 6305 62¢81 19.85 <4415 =135 78.75
20 B8e01 S1¢50 5127 15698 =4.66 =2.14 62+83
30 665 4309 4286 13+28 =4458 =236 5179
40 S5¢66 36¢75 3652 1128 =4+30 =236 4374
S@ 4.90 31.85 31.62 9¢77 =3697 =226 3765
, 62
e e

DR1
12211
9235
7275
59.53
50.05
4296

DRI
113.69
8755
7036
58.08
49.04
42.18

DRI
11556
85034
67.18
55.05
4637
3986

DRl
106.85
8155
6535
54.00
45.68
3937

58+64 N9P=104.86

ERROR
0.73
D72
Pe74
P.72
P.69
Be65

2690 N9P2194.78

ERROR
9.32
Q.38
@.39
B39
037
@.35

50+95 NOP=1@6.00

ERROR
233
0.22
BGel?
P.19
D20
B.21

33.14 N9P=1@5.58

ERROR
025
9.24
@.23
023
024
024




1JUN1260 N@=365.40 GMR=

BO

0
10
20
30
40
S0

GM
1497
1249

9.99
8.17
6.86
5«89

2JUNDPD2S57

BO

0
10
20
30
40
S50

GM
1627
1265
10.03

820
6.89
5.92

2JUN1262

BO

"}
10
20
30
49
S50

GM
1716
13.29
1043

8.47
709
6.08

3JUNBB37

BO

")
10
20
30
40
S0

aM
1672
13.20
1039
846
7.09
6.08

DRIP
84.92
6591
53.19
44.20
3755
3246

N2=366.99 GMR=10.03 DN=

DRIP
85.07
66+.09
5334
44.31
37.63
3253

N@=374.80 GMR=1@3.43 DN=

DRIP
85.20
65.95
5317
44.16
37.50
32.41

NO=375.80 GMR=10.39 DN=

DR1P
86.10
66+74
53.84
44.72
37.98
32,82

DR1S
84.68
6594
53.31
44.29
37.58
3245

DR1S
84.94
66+12
$3.44
44438
37+66
32.51

DRI1S
8497
6593
5323
44.19
37.49
32436

DR1S
85.70
66452
53.68
44.54
3777
32.60

9+99 DN= 60.91 DNP=

DR2
34.85
29.06
23.24
19.00
15.96
13.70

DR2
38.02
29.56
23.44
19.16
1609
13.81

DR2
2097
31.72
24.90
22.22
16492
14.50

DR2
40.02
31.60
24.86
20.24
16.96
14.54

DR3 DR3I!
=237 144
=583 -2.00
“6¢78 =3.39
«“6¢63 =3.70
=616 =3.63
=5¢64 =-3.42

DR39
117.41
89.15
69.65
5657
47.35
4052

60.72 DNP=

DR3 DR31 DR39
185 194 121.25
=590 =2.04 89.74
=684 =3¢41 69.94
“6¢68 =372 56479
“6s21 =365 47.51
=5469 =345 40.65

DRJ
=1e61
=626 =2.22
=7.28 =3.71
=708 =4.01
=6¢56 =391
=5.98 ~3.68

DR31
232

DR3
=186
=6.25
=7.26
=7.07
=656
=5.99

DR31

2.11
-2¢19
=“3.66
=397
=-3.88
=366

63

64.16 DNP=

DR39
124.57
91.41
7079
$7.30
47.87
40.92

DR39
12425
92.09
71.44
$57.88
48.38
4136

4820 N9P=]19S.15

DRI
121.22
92.98
73.05
59.51 -0.08
49.89 -02.03
42.74 '0.01

ERROR

024
-0.03
=@.12

5370 N9P=]1@9S5.15

DRI
125.04
93.60
7337
59.75 =@.06
50.07 =0.02
4289 0.0}

ERROR

B.14
-0.03
=909

6752 DNPms 62.70 N9P=105.99

DRI ERROR
12849 0.2
95.45 0.02
74036 “0+06
6837 =0.03
S8.52 0.01
4323 Q.05

5745 NO9P=1036.083

DR}
128.22
96.14
75.04
60+98
51.85
43.70

ERROR
De40
P.22
@16
9.18
020
0.22




3JUN1247

BO GM
? 17.82
10 13.52
20 10.53
30 8.57
40 7.19
S0 6.17

4JUN@GOB63
BO aM

QO 15.87
10 12.29
20 9.85
30 B.11
40 6.84
S@ 5.89

4JUN1263
BO GM

2 17.12
10 13.63
20 10.40
380 8.33
40 6.92
S0 5.91

SJUNQQ60
B@ GM
9 18.10
10 11.05
20 8.66
30 7.13
48 6.03
S8 S.21

N@=381+.50 GMR=10.53 DN= 62.30 DNP= 60.43 N9P=106.00

DRIP
8736
67.80
54.73
4544
3857
33.31

NO=367.10 GMR=

DRIP
86.49
6736
54.36
45.11
38.28
33.06

N@=361.50 GMR=10.40 DN=

DRIP
79.93
6167
49.85
4)452
3534
3060

N@=329.60 GMR=

DRIP
80.85
63.84
52.03
43.46
37.03
32.06

DR1S
8687
6735
54.28
45.00
38.13
32.89

DR1S
8647
6742
54.45
45.19
38.32
33.07

DRIS
79.81
61.97
50.28
4]1.90
35.64
30.83

DRI1S
80.72
6356
5173
43.16
36474
31.78

DR2 DRJ
4330 -1.43
3285 =646
25458 ~7.46
2081 =7.26
1745 =6.74
1497 =617

9.85 DN= 51.
DR2 DR3
37011 =204
28+73 =579
23402 =670
18496 =659
1599 =6.16
1376 =565

84.
DR3
-1.27
=“6.12
=707
=677
=621
=5.63

DR2
39.43
31.38
23.95
19.17
15.92
13.58

866 DN= 50.
DR2 DR3

38.00 013
-84
=530
=5.18
~4.84
“4.46

23.20
18.17
14.96
12465
1092

DRJ! DR39
2.61 129.23
~2.28 94.19
375 72.85
“4.086 58.99
=3.98 49.27
=375 42.11

DRI
133.27
98.38
76656
62.19
5204
44453

ERROR
@49
@45
@45
@44
Q.43
Q.42

75 DNP= 43.04 N9P=104.40

DR31 DR39
1.78 121456
=193 90.30
=3.25 70.68
=3.60 57.48
=3.57 48.11
=339 4l1.17
95 DNP=

DR31 DRJ39
236 118.09
=237 86493
=3.80 66.73
=397 53.92
=3.80 45406
=353 38455

DRI
12537
94417
74413
60.48
5071
43.43

DRI
121.72
90.68
780.00
5672
47.417
4065

ERROR

@.02
-9.86
“B.09
=007
=004
-0.00

6413 NO9P=104.97

ERROR

B.13
-0.30
“0.43
=038
=0.30
“0.23

67 DNP®» 45.66 N9P=105.03

DR31 DR39
3.03 118.98
=165 82.30
=2¢53 64.90
=2.75 53+24
=2¢72 44.83
=2+60 38.52

DRI
121.88
85.40
67.68
55.66
46495
40.39

ERROR
Q.14
P.28
030
930
9.29
0.28




1JUL1258
B2 GM
P 18.85
12 12.78
20 9.76
30 17.90
Q48 6.62
59 5.68
2JULR0oS9
B2 oM
@ 1535
12 11.74
20 9.38
30 7.71
40 6450
SO 5.608
2JUL1263
BP GM
2 14.79
10 1333
20 10.50
30 8.49
40 7.08
S@ 6406
JJULPRSE
BO GM
@ 15.52
10 12.50
20 9.91
30 8.09
40 6.79
5@ 5.83

N@=353.80 GMR=
DRIP  DRIS
82.30 8l.82
64.36 63.84
52.30 51477
43.63 43.10
37.15 36464
32.16 31.67

N@=350.50 GMR=

DRIP  DRIS
83.87 83.44
65.61 65.30
5319 52,93
4432 44.04
3771 37.41
3264 32.33

976 DN= 67.93 DNP=

DR2 DRJ
4248 -0.00
28479 =5.71
21.98 -6.44
1782 =6.22
1491 =5.76
12479 =5.26

9.38 DN=a 54.

DR2 DR3
3427 =184
2622 =5.32
2094 <=6.11
1720 =5.98
1450 =558
12.48 =5.12

NO=371.908 GMR=10.50 DN= 74.

DRIP  DRIS
8366 B83.26
64.50 6457
S1.99 52.21
4323 43,39
3675 36.84
3179 31.82

NO@=36) .40 GMR=
DRIP  DRIS
83.81 83.66
65+11 65+19

52¢59 52.76
4373 A43.86
37.18 37.28
32415 32.17

DR2 DRJ
3503 =2.60
3158 =6.22
24087 =7.30
2010 =7.07
16677 =652
1433 =5.93

991 DN= 63.
DR2 DRJ3
35072 =2.04
2877 =5¢76
22.81 <6467
18462 <6451
15463 <6404
13.48 =5.52

65

DR31

333
-2.12
“3.27
-3.47
-“3.37
-3.18

DR39
12476
8745
67.84
55.21
46.30
39.69

DRI
128.11
91.03
7181
5795
48.69
4177

53708 N9P=187.17

ERROR
B.47
B+52
253
@.53
@51
249

S@® DNP= 41.98 N9P=106.13

DR31

163
-1.80
=2.97
«3.25
=3.21
“3.04

DR39
116.29
86.51
68.02
55.54
4664
49.00

DRI
11977
98.02
7116
58.26
49.00
4207

ERROR
.43
9.31
P26
@.28
8.30
931

77 DNPs 52.68 N9P=106.50

DR31

136
=2.28
-3.80
-4.07
=“3.94
~3.68

DR39
116.09
89.87
6956
56426
47.00
40.19

DRI
12005
93.84
7306
5926
4958
{244

ERROR

G492
-0.87
=“0.22
=016
-0.08
“9.03

23 DNP® 45.05 N9P=1@5.37

DRJ31

1.66
-2.01
=335
=3.64
=356
=3.36

DR39
11749
88.13
68.73
55.85
46476
49 .24

DR1
12119
91.87
7205
58.71
49.24
42420

ERROR

B.14
~0.08
“0.17
=0.13
=2.07
=9.02

s ———




3JUL1263
BO GM
9 4l1.72
10 16.41
20 11.87
380 9.34
43 7.70
580 6454

4JULOB63
BO GM

2 21.87
10 14.40
20 10.98
30 8.79
40 730
50 6422

4JUL1263
BO GM
@ 26.13
10 16.50
20 12.26
38 9.73
48 8405
S0 6.84

5SJULOPS54 NO@=425.40 GMR=13.59 DN=128.

NO=394.50 GMR=11.87 DN=1@1+57 DNP= 70+.50 N9P=185.96

DRIP
81.86
63.00
S%.90
42.37
3605
J1.19

NO=379.580 GMR=10.98 DN= 85.

DRIP
8293
6389
51.54
42.88
36+¢48
31657

DR1S
81.58
62¢69
58.65
42.10
3575
30.88

DR1S
8§2.51
63477
S1.54
42484
36.38
31.42

DR2
104.85
41.24
29.82
23.46
19.32
16.41

DR2
52.87
34.81
26+55
21.24
1762
15.02

DR3
42.88
=T7.61
-8.83
=834
=758
=6.84

DR3
167
=670
=7.82
=7.50
=687
=623

DR31 DR39
38+95 229.59
=-3.11 96+.64
“4e94 T1.89
=585 57049
=4¢77 AT7.79
=448 4076
21 DNP=

DR31 DR39

5629 13747
=256 92:00
=420 T70.27
=4+¢4) 56462
=422 47.23
=392 40.36

DRI
225466
101.13

7577
60.78
SP.61
43.20

DRI
14109
96.14
73.89
59.71
49.89
42.67

ERROR
@.28
9.31
9.25
027
030
Q.31

56.28 N9P=197.32

ERROR
P42
g.12

-P.00

"@e04
P11
P15

N@=412.30 GMR=12.26 DN= 93.69 DNP= 81.18 N9P=106.79

DRIP
85.82
6557
§2+63
43460
36.98
31.93

B@ GM DRIP"’
@ DUCTING

10 2116 61.64

20 13+59 50.03

30 1042 41465

42 8.50 3S5.42

580 717 3063

DR1S
85466
6558
52.71
43466
36.98
31.89

DRIS

6113
49439
41,05
34.85
30.19

DR2
68¢63
4332
32.18
25.55
21.12
17.95

DR2 DR3
5733 ~935
36.81-10.98
28+23-108.15
23401 '=9.11
19441 =8.16

DR3
535
=8.01
=9¢46
-9.P6
=B8+28
=748

DR31

9.11
~3.39
~5.18
=543
-5.18
=4.81

37 DNP=118.80

DR31

-4.06
=648
=639
=5¢93
=Se41

DR39
159.81
100.89

75+35
60.10
49.82
42 440

DR39

109.62
75.86
59.74
49.31
41.88

DRI
16356
105.81

79.64
6373
5292
45.087

ERROR

@16
-0.01
-“0.08
=0.05
=0.00
"'0.04

N9P=194.92

DRI

11492
8036
63+49
52450
44+.63

ERROR

9.51
0.65
0.61
P57
9.53




DR1
12768
9755
75.85
6154
5147
4403

74+08 N9P=104.73

ERROR
057
.35
.39
P.31
@32
0.32

23 DNP= 73.83 N9P=1024.47

DRI
138.58
96+94
7471}
6058
S50.70
4339

DRI
125.89
97.082
75.72
6146
5142
44400

DRI
123.72
95.41
75.01
61413
5125
43.89

1AUG1263 NO=380.80 GMR=10.63 DN= 67.74 DNP=
BO GM DRIP  DRIS DR2 DR3 DR3I DR3¢
. 9 1624 B6:40 85.83 39.40 ~2.23 1.88 123.58
190 1361 6684 66049 3302 =648 =231 93.38
20 1063 53692 5362 25¢77 =753 =384 72.16
J0 Be62 A4.79 44.48 2089 =7.31 =4.14 58.37
40 T¢21 38e83 37¢71 17448 <6677 =403 4B8.74
50 618 3286 32+54 14497 =618 =379 41.65
2AUGO358 NO@=376«73 GMR=10.66 DN= 75,
B@ GM DRIP  DRIS DR2 DR3 DRIl DR39
@ 2072 B84¢44 83693 49.7) @74 4443 134.89
10 1412 65654 64¢99 33489 =6+56 -2.48 92.87
20 1066 53085 5249 25458 =750 =391 7T1.13
30 Be57T 44415 43660 20456 =722 =413 5750
40 7015 J37e53 3T7eB39 17615 =665 =399 48.03
SO 612 32646 31¢95 14.67 =606 =374 4187
2AUG1263 N@=380.20 GMR=10.57 DN= 66.17 DNP=
BO GM DRIP DRIS DR2 DR3 DR31 DR39
@ 15657 86¢57 B6eB81 J7e¢72 =251 161 12177
10 13¢35 66¢91 66466 32¢34 =638 =223 92.86
20 1057 53492 53476 25.68 =748 =380 72.04
30 Beb60 44477 44459 2081 =7.28 =4.12 58.30
409 720 3BeB2 37¢B8 1742 =675 =402 48.69
50 6017 32¢86 32461 14+92 <6016 =378 4162
3AUG2263 NO=371.980 GMR=10.08 DN= 55.79 DNP=
BO GM DRIP DR1S DRrR2 DR3 DR3l DR39
O 1492 B86¢98 B6¢53 3534 =2:56 140 11977
e 10 12659 6759 6733 2982 =5.98 =~2.01 91.44
j 20 10608 5455 S54:35 2388 =6¢95 =342 71.48
' 380 Be27 45431 45408 §19.59 =6.82 ~3.76 58.08
o 40 6096 38447 38+22 16048 =635 =3.71 48.60
SO0 Se98 33¢25 32¢98 14416 =582 ~351 41.58
67
hﬂz::—----L—v v
- ‘ﬁ - - m.‘mﬂu ™

ERROR
BS54
P55
P56
@55
P.54
P51

5657 N9P=]104.52

ERROR
P55
P25
2.16
2.18
B.22
B.24

46457 N9P=1935.65

ERROR
0.4S
B.26
0.20
0.22
0.295
Q.27




JAUG1259 N@=381.00 GMR=12+53 DN= 63.23 DNP=

S1.80 N9P=194.43

ERROR
@.38
Be46
@46
D46
@.46
Q.44

ERROR
B¢45
9.20
Pell
@15
G119
B.21

ERROR
@76
B35
B.25
0.27
@30
0.32

ERROR
0.28
@29
Q.26
027
029
8.30

BO GM DRIP  DRIS DR2 DR3 DR31 DR39 DR1
@ 2266 B87.02 8664 55:081 239 5094 144.4) 147.97
10 13¢58 67¢63 6717 32¢96 =647 =230 94.12 98.29
20 1053 54¢6]1 54615 25656 =T7e46 =376 7271 7644}
30 B8e57 45035 44¢89 20.78 =726 =406 58.88 62.07
40 7.18 38.50 38.04 1742 =673 =398 49.19 51.95
SO 6016 3326 32082 14094 =616 =375 A42.085 44+45
4AUGPP63 NO=373.40 GMR=10.48 DN= 71.98 DNP= 52.40 N9P=104.84
BO GM DRIP DRI1S DR2 DR3 DR3l DR39 DRI
@ 1758 84443 83¢98 41681 =134 2053 12491 128477
10 13¢45 6534 65¢14 3198 =628 -2.28 91.04 95.04
20 1048 52075 5263 24¢93 =7¢3@ =3¢77 70837 7390
30 848 43¢86 4372 20¢17 =T¢B7 =4.04 56¢96 59.99
408 T09 3729 37010 16e84 =6¢53 =392 47.60 50.22
SO 607 32625 3I2¢P4 14¢4]1 =5:95 =367 4071 42.99
4AUG1260 NO=380.30 GMR=]1Q0«77 DN= 74.85 DNP= 65.33 N9P=10S.10
BO (c], ] DRIP ' DRIS  DR2 DR3 ' DR31 DR39 DRI
@ 1498 B85.27 B84¢51 36629 =2¢75 140 118.81 122.96
10 1381 65¢75 6540 33444 =653 =237 92.66 96.82
20 1077 S3403 52¢78 26609 =764 =3:99 7147 175413
J0 8469 A4Q4.09 43682 21603 =7¢39 =425 57.74 602.88
40 Te24 3747 3T7elT 17¢54 =681 <411 48.20 50.90
S@ 6019 32:41 3209 14¢99 =620 =384 4120 4355
SAUGP063 NO=373.70 GMR®10.42 DN=s 68.86 DNPs S54.20 NOP=106.19
BO GM DRIP DR1S DR2 DR3 DR3J1l DR39 DRI
D 2168 84485 84¢57 5160 1667 5S¢18 138412 141.63
10 13653 65¢91 65663 32¢20 =631 =-2.30 91.80 95.81
20 10642 53627 53¢01 24¢81 =T7¢26 =372 T0+82 74436
30 BedS 44.29 4402 2010 =TeB4 “3¢98 5735 60640
408 7087 37464 37¢34 16681 =6¢51 <388 47.94 50.57
SO 606 3254 32624 1840 =594 <364 4)1eB0 43430
68

o it

b
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1SEP1254 NO=370.60 GMR=11+19 DN=105.27 DNP=100.38 N9P=105.85

BO GM DRIP ’
@ DUCTING

10 16462 60.71

20 11.19 49.66

30 871 41459

40 T7.17 35.51

S0 6.99 30.79

2SEPOR44
BQ GM
2 29.68
10 13.90
20 10.16
30 8.09
48 6.73
5@ S5.75

DRIS

5973
48454
4052
34.50
29.86'

DR2

39.22
2641
2055
16.91
1436

DR3

=719
~7.88
=7.31
=662
~5497

NP=354.80 GMR=1P.16 DN= 83.

DRIP
7956
62.19
50.68
42.38
36.15
3133

'DRI1S
79.03
6149
4995
41.66
35446
30.68

DR2
67.08
3141
22496
18.28
15.19
12.98

DR3
13.08
-608
=6+78
=643
=5.90
=536

2SEP1260 NO=371.80 GMR=10.84 DN= 89.

BD GM DR1P
@ DUCTING

18 1536 62.89

20 1084 51.16

30 859 42469

40 7T¢12 36436

50 607

31448

DR1S

6232
5048
4203
3573
3089

DR2

3637
2567
2033
16.85

DR3

-6+85
=T7¢59
=7.18
=657

DR31I

-3.23
-4.48
“4.4)
“4.12
=379

DR39

92.75
68419
54.84
45.80
39.18

DRI

96.71
71.59
57.73
48.29
4136

ERROR

998
1e12
1.08
1.01
@93

48 DNP= 70.16 N9P=105.28

DR31
1447
=247
=3.63
=3.72
=3.55
=3.31

DR39
159.72
87.52
66.85
54.22
45.44
38495

60 DNP= 74.60

DR31

=2.87
=413
=4.21
=401

1437 ?5f95 =373

DR39

9242
69.25
55.84
4664
3989

3SEP0Q@55 NO®=344.40 GMR®= 9.25 DN= 57.22 DNP=
BO GM DRIP " DRIS DR2 DR3 DRJ3I DR39
@ 1727 82436 8201 3788 =074 251 119.49
10 1177 64458 64425 25483 =5.22 =183 85.19
20 9425 52¢47 52616 20029 =5.93 =291 66483
30 757 43e77 43645 16061 =578 =3+15 54.680
40 638 37427 36494 13:99 =5.38 =310 45.88
SO Se49 32627 3194 1204 <4494 =293 39.137
69
- P A -

DRI ERROR
16111 @53
9112 070
7801 @73
5694 B.72
4779 @69
41.01 Be65S
NOP=196.21
DRI ERROR
9640 058
7270 0©+68
5S8.80 0.66
4920 B.62
42412 @459

DRI
122.74
88+ 58
6985
57.23
48.16
4137

5670 N9P=10@5.36

ERROR
B8+34
9.33
.31
9.32
B.33
2.33




JSEP1263 NO=377.40 GMR={0.67 DN= 74.65 DNP= 68.72 NO9P=2105.90
BO aM DRIP  DRIS DR2 DR3 ' DR31l DR39 DRI ERROR
@ 1447 B4e59 B4ell 34¢78 =286 123 116.5]1 120.61 B.48
10 1363 65:18 6514 32:¢76 =6+42 =2¢32 91.52 95.61 @.03
20 10f67 52652 52¢6]1 25065 =752 =392 70¢65 74.26 ~03.08
30 862 43:64 4369 2072 =7¢28 =4¢19 57.08 6017 <0.05
40 T7¢19 3708 37¢07 1728 <64¢7) =4¢PS5S 47+65 50+.3]1 9.0}
SO 6&‘5 32506 32.01 14477 =611 =380 4@.72 43.04 0.06

4SEPQ@G63 NO=381.3@ GMR=1]1.28 DN®= 95.24 DNP= 88.90 N9P=]105.46
BO aM DRIP  DRIS DR2 DRI DRI DR39 DRI ERROR
® DUCTING

10 1532 62¢41 62440 37:20 =T¢02 =283 92¢59 9678 9.01
20 1128 5042 50450 27.40 =8¢11 =447 6971 7334 -0.08
30 B8e94 A41.97 42402 21:70 =Te70 =4+61 55:97 59.06 =@.04
40 T¢39 3571 35470 17493 =7.02 =438 4663 49.27 '2.01
S8 6029 30.91 30486 15.25 =6.35 =405 39.82 42.12 006

4SEP1257 N@=370.00 GMR® 9.79 DN=044.62 DNP= 43.59 N9P=]106.56
BO GM DRIP " DRIS DR2 DR3 DR31 DR39 DRI ERROR
@ 1037 BBeS2 B88.08 24043 =3.67 D33 10928 11328 0.45
10 1164 68472 68471 27444 =5.65 =171 9051 94.44 0.0!
20 979 55432 55444 23407 <6669 =317 7169 75.21 =013
30 8413 4588 4597 19416 =6464 <3459 58¢40 61.45 <p.08
40 688 38493 3B8:95 16+20 =6¢23 =358 48.90 51.55 ~p.02
SO 5093 33462 3359 13495 =5.72 =341 4185 4416 '0.03

SSEP@9963 NO=371¢.10 GMR=13.37 DN= 70.21 DNP= 69.35 N9P=105.30
. BO GM DRIP " DRIS DR2 DR3 DRI DR39 DRI ERROR
D 1665 B84.62 B83¢94 39¢36 =177 2.09 122.2]1 126+08 0.68
10 1338 65:64 65¢16 3162 <6422 =2:26 9105 95.00 0.48
20 1037 53410 52467 24+5]1 =7.18 =369 70.43 73.92 2.43
30 B8¢39 44720 43:76 19.82 =6494 =394 57.08 6008 0.44
48 7401 37459 37414 16457 <6.42 =382 47.74 5034 0+45
SO 6401 32.52 3207 14¢19 =5.85 =358 40:85 43.12 0.44

"y




10CT1256
B GM
@ 12.26
10 11.29
- 20 8.88
: 30 7.25
4@ 6.1l
50 5.26

20CTO0263
BO GM
0 l4.64
10 18.46
2@ B8.31
38 6.87
43 5.82
S8 Se.03

20CT1258
B@ GM
@ 1834
10 12.72
20 9.48
30 7.62
409 637
S@ S.46

30CTOB62

BO GM

@ 16.06

| 10 11446
20 8.83
3o 7.21
49 6.08
SO S.24

N@=330.58 GMR® 8.88 DN= 59.74 DNPs 44.10 N9P=104.48

DRIP  DRIS
7981 7934
62.64 62.36
S1.02 S0.78
42.65 42440
3638 36.11
31.53 31.25

N@=3208.00 GMR=

DRIP ~ DRIS
7989 T9.55
63.18 62483
5158 51.24
43.15 42.80
3681 3646
3198 3156

NO=348.20 GMR=

DRIP
7986
6204
S@.64
4239
36017
3136

DR1S
78448
61.38
49495
41.71
35.52
3375

N@=331.62 GMR=

DRIP
81.063
63499
52.31
4379
37.36
32.38

DR1S
80.17
63.04
5131
42481
3645
3154

DR2 DR3
2581 =2.41
2377 <4483
18468 ~Sea7
1526 =S¢l
1284 =4.94
1185 ~=4453

8+31 DN=
DR2
29.84
21,32
1694
13.99
1185
10.24

48.
DR3
~1e41
“4441
“4.94
~4.84
“4453
“4.18

948 DN= 73.
DR2 DR3
39.74 @.02
2757 =545
2054 =605
1650 =-5.78
13¢79 =533
1182 =4.86

8.83 DN=
DR2
33.91
24.20

S5Se
DR3
=[ @6
=4490
1864 =5.45
1521 =5.28
1283 =4.91
11606 =4.52

i

DRI
106.37
84469
67.00
$5.02
4639
39.90

ERROR
P47
@28
P24
P25
Q.27
0.28

14 DNP= 37.62 N9P=195.13

DR31 DRJ9
B.74 183.21
=172 81.58
“2.70 64423
~2.90 52.68
~2.83 44.28
<2.68 38.05
DR31 DR39
147 108432
-1.49 80.10
=233 63.58
=254 52430
“2.52 44413
=240 37.97

DRI
11120
83.02
66.20
54.60
46414
3974

ERROR
@33
0.35
P35
@35
@35
@35

73 DNP= 6037 N9P=106.00

DR31 DRJ9
3e11 118.81
-2.15 84.16
=-3.14 65.13
=326 53.11
“3¢13 44.63
-2.93 38032
89 DNP=

DR31 DR39
199 113.88
“1e77 83.29
~2¢65 65.50
~2¢83 53.73
=277 45.28
=263 38.92

DRI
12190
B87.47
68.04
5563
46482
40.24

DRI
11693
8643
68.30
56.18
47.42
40.81

ERROR
0.58
067
@69
0.68
P65
@61

52+.90 N9P=1@S5.81

ERROR
@.85
P96
1.01
0.98
B.92
0.85

——— et




30CT1263 NO=329.13 GMR= B8.47 DN= 42.49 DNP® 44.57 NO9P=105.44
BO GM DRIP DRI1S DR2 DR3 DR3l1 DR39 DRI ERROR
[} 11.12 82.66 8'098 2456 -2.51 G633 104071 1907.85 .68
10 1051 65¢27 64666 2202 =4¢57 -1¢48 B2.73 8582 061
20 Be47 53¢22 52661 17076 =5417 =239 6581 68¢59 061
30 703 44.47 43.86 1472 =5.08 =2.64 54411 S6¢55 0460
48 5.97 37.89 37.31 12¢50 =4e¢77 =2¢63 45062 4776 0.58
SO S5el7 3281 32627 1082 =q¢40 =252 3923 4leil ‘fss
40CTP063 N@=335.40 GMR= 8.82 DN= 49.89 DNP® 41.73 N9P=1@4.96
BO GM DRIP  DRIS DR2 DR3  DR31 DR39 DRl ERROR
@ 1613 8203 B1e¢79 34446 =112 2001 11537 118458 0+24
10 1187 64¢57 64¢32 2365 <4485 =164 8337 86459 0.25
20 8682 52451 5228 18484 =5.49 =2.62 6586 68¢73 0023
30 728 43¢82 4358 1554 =5¢38 =287 53:97 56.48 0.24
40 6016 37432 3787 13¢14 =5.04 =285 45+43 4762 0.26
SO 5¢31 32¢31 3205 1134 =Q¢63 =2.71 39.02 40.94 0}26
40CT1258 NO=327.80 GMR= 8+83 DN= 61.61 DNP® 51.13 NOP=135.60
BO GM DRIP DR1S DR2 DR3 DR3l DR39 DR1 ERROR
O 2018 78486 78¢58 42¢14 1670 437 122:.69 125.37 £.29
10 11676 62¢39 61678 24¢55 ~4¢94 ~188 B82.00 85.07 0461
20 B8¢83 S1¢83 S50¢35 18644 =541 =269 6406 66.78 0.68
30 7418 42¢72 42406 14498 =5.2]1 =284 5249 54¢86 0.66
40 6404 36646 35:84 12.60 =484 =2.76 4422 46.30 062
S@ Se20 31.61 3§.03 1085 =444 =2.61 38.02 39.84 0.58
SOCTOB57 N2=3!1.60 GMR= 7.99 DN= 44.83 DNP= 42.60 N9P=194.80
BO GM DRI1IP DRIS DR2 DR3 DR3l DR39 DRl ERROR
15¢33 79¢18 78669 3042 =0¢93 1¢76 108466 11136 049
1008 62491 6233 2000 =4¢16 =139 7T78¢75 B1:51 0.58
799 S150 50.91 15¢86 <4463 =2¢14 62¢74 65.23 .60
6661 43016 42¢57 13¢12 =4¢53 =234 5175 53+94 0.59
5¢62 36¢85 36628 11¢14 =425 =232 43¢75 4567 ©@.S57
4487 3196 31.42 9265 =392 =2.22 37.68 3938 0.54
72
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INOV1255 N@=339.20 GMR=

BO

9
10
20
30
40
S0

GM
14¢49
11.82

9.26
753
632
Se¢43

2N0Vee63

BO

]
10
20
30
49
Se

GM
1657
1149

915
Te50
632
Se44

2NOV1261

BO

"
10
20
e
40
Se

GM
1135
1891

985
7«52
637
SeS50

3NOVOQR63

BO

0
10
20
30
40
Se

GM
1568
18.04

797
662
Se64
4.89

DRIP
80.21
62.69
S@.95
42 .54
3625
31.40

N@=340.6Q GMR=
DRIP"

8l.26
6359
51.56
22.97
36.57
31.65

N@=345.20 GMR=
DRIP

83.80
65.42
52.87
43.95
37.34
32.27

N@=314.20 GMR=
DRIP

80.22
63.808
52.20
4367
37.24
32.26

DRIS
79.84
6254
50.86
42444
3612
31.25

DRIS
81.30
63¢75
5179
43.17
3672
3175

DRIS
83.91
65.86
$3.41
44.45
3776
32.62

DR1S
7996
63.35
51469
43419
3679
31.85

9+26 DN=
DR2 DR3
3130 =1.91
. 25¢53 =5.15
20008 =5.87
1626 =5.68
1365 =5.26
1172 =4.81

9.15 DN= 57.

DR2
3596
2492
19.84
1628
1371
1179

DR3
=1.02
-5.07
=5.80
=5.67
=5.28
=484

905 DN= 46.

DRJ!

136
=186
=296
=-3.16
=307
-2.89

DR39
10959
83.08
65.08
53.12
4463
38.30

DRI
112.87
86436
67499
55.65
4683
40+23

65:09 DNP= 45.40 N9P=106.00

ERROR
037
@15
2.08
P.10
P13
P14

87 DNP= 33.51 N9P=105.64

DR31

219
=175
=2.85
=3.11
=3.05
=2.89

DR39
116.19
83.44
65.60
53.586
45.00
38461

DR1
11941
86.76
6859
56.14
4723
40.56

ERROR
004
“Pel6
=“0.23
=020
=0.15
=0+10

S5 DNP= 42.70 N9P=[@5.64

DR2 DR3 DR31 DR39
2496 =2.94 0.53 105.82
23¢99 =4.97 =1.56 B84.45
19¢90 =579 =2.74 66498
16¢53 =5.73 =3.07 54.75
1400 =537 =396 45.96
1207 =4+94 =2.92 39.40
T7¢97 DN= 39.72 DNP=

DR2 DR3 DR31 DRJ39
3139 =083 1.90 11079
20009 =4¢19 =137 7971
15094 =4.64 =2.10 63.50
13625 =4.56 =2.32 52.36
11628 =4.29 =233 44.23

9¢78 =397 =2.24 38.08

73

DRI
109.29
87.85
70.03
5741
4827
4142

DR}
11382
82.52
66.04
54.60
26.20
39.81

ERROR
“0.11
=043
“0.54
«0.50
=042
=035

3783 N9P=104.87

ERROR
0.27
@.46
P.50
P.48
D45
9.42




BO

0
10
20
30
49
S0

JNOV1234

aM
12.51
10.33
8.29
686
5.82
S«04

4ANOV@231

Be

]
10
20
Jo
40
S0

GM
15.39
1040

8.21
6.78
575
4.97

4NOV1256

BO
g )
| 19
20
30
40
58

Bo

o
10
20
38
40
S50

GM
13.04
10.10

8.07
667
5466
4.90

SNOV@e37

aM
13.%2
9.81
7.90
6.58
5.60
4.86

N@=32).10 GMR=

DRIP’
80.73
63.82
52410
43.57
37415
32.18

N@=316.68 GMR=

DRIP"
79.18
62.71
51.24
42.87
36:56
31.68

NO=312.208 GMR=

DRIP
78.44
6207
SB.69
42441
360]1
3134

N@=311.20 GMR=

DRIP"
79.27
62.88
51435
42.94
36.60
31.70

DR1S
80.21
6337
51465
43.13
36.72
31.78

DRI1S
79.00
6245
50.97
42.60
36430
31.43

DR1S
78.35
62.01
5065
42436
36.11
31.28

DRIS
7930
6287
5134
42+92
3657
3167

8+29 DN= 45.24 DNP= 47.54 N9P=10S.14

DR2
2558
21.12
16.95
14.02
11.89

DR3
=214
=4.38
=4.94
=4.84
=4.54

DR31
P.82
=144
=230
=2+52
=250

10+29 =4419 =2.40

DR39
10417
8056
64.11
S2.75
4450
38.28

DRI
107.14
83.50
66.75
5507
46454
4007

ERROR
B.52
P46
@45
2.44
943
G40

8.21 DN= 48.03 DNP= 42.086 N9P=104.09

DR2
31.04
2097
16+55
1366
11.58

DR3
-1.02
=433
=4.83
=4472
“4.42

" DR31

177
~1+48
“2.27
“2.417
=2445

1091 =4.08 -2.34

807 DN= 47.

DR2
25.94
20.09
16.04
13.26
11.25

9473

DR3
~1.80
<4417
<4468
<4458
<4530
<3496

DR39
189.20
7935
62+96
S51.80
43.72
37.61

DRI}
111.99
82.21
65452
5405
45.69
3935

ERROR
@.18
2.26
827
2.27
0.26
B.25

53 DNP= 39.00 N9P=102.73

DR31
299
-1.40
=2+19
=240
=2+38

?2027

DR39
102.58
77.98
62084
51.08
4312
37.11

DRI
10537
80.75
64453
53.27
45404
38.80

ERROR
0.089
B.0S
003
0.04
0.06
B.086

790 DN= 40.65 DNPw 36.01 N9P=[@8.36

DR2
2679
1945
1568
1303
1109

962

DR3’

=1¢63
“4.07
=8¢56
“4+¢49
“4.23
=391

DRJ1

113
=131
=207
=2.30
=230
=2.21

DR39
10444
7826
6245

5148

43.47
37.40

DRI}
10719
8l.01
6493
5367
45439
39.180

ERROR
=093
‘Be01
g.02
P02
.02
B.03

Ml ittt e i




1DEC1250 NO=340.60 GMRa §.87 DN= 44.37 DNP= 39.70 N9P=197.04

B@ GM DRIP ' DRIS DR2 DR3 ' DR31  DR39
@ 1037 83.61 B83¢53 2251 =3.01 @.37 103.10
10 1056 65¢37 65:66 22.91 =4.78 -1¢46 B83.50
20 8+.87 52¢88 5330 19¢23 =5.59 =2.62 66451
30 7.39 4400 A84¢37 1602 =5¢55 =296 54.47
48 626 37+42 3771 13+58 =5¢21 =295 45.79
S0 Se4l 32¢37 32059 11¢72 “4479 -2.81 39.29
2DEC@359 N@=351.98 GMR® 9.42 DN= 54.32 DNPs 47.43 N9P=196.38
B8 GM DRIP 'DR1S DR2 DR3 " DR31 DR39
i O 13.84 83.990 83.69 3103 =2.44 1.11 112.48
, 10 1171 6548 65.47 26+25 =<5¢33 =1.79 86440
20 942 52.99 S53¢06 21¢12 =6416 =3.00 67+95
30 775 44.10 &Q2¢13 17437 =6.04 =330 55.42
40 6+54 37.49 3749 14.64 =5.63 =325 46.50
S0 S5¢63 32.42 32439 1268 <5417 =3.09 39.85
2DEC1263 N@=365.80 GMR®= 9.72 DN= 47.86 DNP=
B8 GM DRIP  DRIS DR2 DR3 " DR31 DR39
0 11.54 8690 86.91 26090 =337 053 110643
10 11:60 67:41 6783 27.84 =5.55 =171 88489
20 972 S54.21 84¢79 22¢65 =658 =3.15 70.28
30 807 44«95 45:46 18.80 =6+53 =3¢56 S7.21
40 6.82 38513 38.54 15:88 <6412 =3+54 47.90
SO 5.87 32¢94 33:26 13467 =5:61 =3.37 4099
3DECOP6] NO=358.60 GMR= 9.96 DNm 69.36 DNP=
B2 aGM DR!P  DRIS DR2 DR3' DR3I DRJ9
D 1797 82¢35 82¢17 4104 =071 2.80 122.68
10 12:91 64.09 64.00 29.50 =5.84 =2+15 8775
’ 20 996 5190 51¢86 22.74 =6+67 =3+41 67.98
! 30 8.07 43¢22 43¢16 1842 =6.45 =3.64 55.20
40 675 3677 36468 15.42 =5.97 =3.54 46,22
. 50 5279 31¢81 31470 13.21 =545 =332 39.:58
78
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ERROR

907
=029
=9.42
=037
=0e29
=022

DR1
106.48
86.82
69.49
$7.07
4805
41.27

DRI ERROR
116,83 ©9.21
89.94 @.00
Tlell =0.06
5817 =0.04
48.88 '0.00
4194 0.04

32.84 N9P=106.30

ERROR
Q.00
=0.43
7371 =058

DRI
11433
9273

6019 =@.52
S0+47 =0.41

43.23 <8.32

S6.41 N9P=106.035

DRI
12619
91.43
71.23
58.00
48+65
41.70

ERROR
2.18
908
9.04
2.06
P09
o;la




3DEC1258 N@=338.30 GMR=

BO GM DRIP "~ DRIS DRr2 DR3 DR3l DRJ39
O 1S«08 B80¢73 8031 J32¢49 =166 157 111.56
10 1174 6330 62+97 25.30 =S.11 ~1+84 83.50
20 9¢15 S1¢51 5120 19¢72 =5+78 =287 6545
30 7.46 4302 4271 1608 =5.60 =3.08 53.50
40 628 J6667 3634 1351 =5.20 -3.01 44.98
S50 5040 3177 31644 11662 =4+77 =2.84 3862
4DEC@063 NO@=348.50 GMR= 9.62 DN= 68.45 DNP=
Bo GM DRIP  DRIS DR2 DR3 DRl DR39
P 1465 Ble04 B0e74 32¢51 =208 138 111447
10 1230 63¢08 6306 27¢30 =5¢46 =199 84.92
20 9962 51¢14 5120 21635 =627 =320 66423
30 78l 42.64 4267 1733 =687 =3¢42 53.91
40 6454 36¢31 36630 1451 =561 =3.32 45.22
5@ 5¢61 3145 31639 12644 =5¢12 =312 38476
4DEC126]1 N@=358.90 GMR=10Q.19 DN= 79.
BO GM DRIP DRIS DR2 DR3 DRJ1 DRJ39
@ 1816 8089 8048 41453 =059 2.91 121.83
10 13¢50 62¢85 62¢58 3087 =-6¢03 =234 87.68
20 10+19 5S0¢99 S50eT6 2328 =686 =3¢62 67+41
30 B8e17 42653 42¢29 18467 =6¢5T7 =378 54463
40 681 36622 35097 1555 =6e04 =363 45.74
5@ 5¢82 31636 3110 1330 <5049 =339 39.17
SDEC00863 NO=309.40 GMR= 7.77 DN= 36.93 DNP=
BO GM DRIP DRIS DR2 DR3 DRJ1 DR39
O 1127 B80¢28 79459 2222 =2+19 057 100.30
10 952 6381 63¢18 18¢75 =3+96 =123 78,61
20 Te77 5223 S1¢68 15:31 =4¢45 =199 63.08
30 648 43676 4313 1277 =4+39 =2.21 52.14
48 5¢53 37¢35 3675 1089 =4¢14 =222 44,11
58 4.80 32.39 31.82 9+4S =3.83 ~2.14 38.01
76
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DRI
114.80
8676
6835
56.02
4718
4055

DR1
114.93
88.40
69+30
56456
4751
4077

DRI
12533
9137
7865
57442
48.14
4127

DRI
103.07
81434
6555
5432
46.02
39.70

9«15 DN= 6151 DNP®» S@.87 N9P=}37.11

ERROR
943
933
930
P31
932
9i32

65.00 N9P=1@36.10

ERROR
@30
P02

-0.06

“0.03

‘B.02
@06

11 DNP= 68.80 N9P=106.80

ERROR
0.42
026
g.22
.24
P25
9.26

3972 N9P=106.70

ERROR
@69
@63
9.63
0.62
Q.60
0.57




